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ABSTRACT 
 
The purpose of this investigation was to observe the relationship between total calorie and 
macronutrient intake on return to baseline measurement times in concussions collegiate athletes. 
Forty division I collegiate athletes (19.83 + 1.01 years) were randomly assigned to a control 
group (n = 22) or intervention group (n = 18) once diagnosed with a concussion. Macronutrient 
intake and daily caloric intake was analyzed using the Nutrition Data System for Research. 
Concussion related symptoms were assessed using the Sports Concussion Assessment Tool. 
Statistically significant differences were found on the number of days until symptoms reached 
baseline based on overall average calorie intake. Statistically significant differences were not 
found on the number of days until symptoms reached baseline based on the nutrition 
intervention. Meeting overall average calorie needs throughout the course of concussion 
recovery resulted in a reduced number of days of symptoms (mean = 5.53 + 3.87, h2=0.50). 
There was a statistically significant relationship between carbohydrate, protein, fat and number 
of days until symptoms reached baseline. Throughout the symptomatic period, when 
carbohydrates reached the average intake of 475.79 + 161.72 grams per day, the number of days 
until concussion recovery reduced by almost 4 days for carbohydrates (t= -4.03, p <.001). These 
findings suggest that meeting overall energy needs and the intake of carbohydrate may shorten 
symptom duration post-concussion. Further research is warranted to investigate the extent that 
macronutrient and energy intake have on concussion recovery time. 
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CHAPTER I 
INTRODUCTION 
 
Approximately 1.6 to 3.8 million mild traumatic brain injuries (mTBI) occur in sports in 
the United States annually and account for five to nine percent of all sports related injuries 
(Broglio et al., 2014; Harmon et al., 2013; McCrory et al., 2017). Organized sport participation 
in American football, basketball, soccer, volleyball, and wrestling increases an individual’s risk 
of experiencing a mTBI or sports related concussion. The brain metabolizes glucose in order to 
provide energy to neurons for proper neurological functions, but in concussions, axonal injury 
and synaptic plasticity occur, decreasing the brain’s ability to adequately manage sufficient 
glucose metabolism and energy function. Athletes have reported “loss of appetite” as a 
subjective symptom during concussion protocols lasting longer than 7 days (Casson et al., 2011), 
or during post concussive syndrome (Johnston et al., 2001; Rees & Bellon, 2007). This loss in 
appetite can potentially result in calorie intakes that are insufficient for adequate recovery. The 
neurological damage in concussions creates a transient hypermetabolic state that causes 
hyperglycemia, protein catabolism, and an increased demand for energy in order to start the 
recovery process and is followed by a hypometabolic state. The state of an “energy crisis” that 
occurs immediately following impact can last anywhere from 30 minutes to 4 hours in animals 
(Barkhoudarian et al 2011; Giza & Hovda, 2014).   
Glucose, metabolized to generate ATP, provides energy to maintain cell maintenance, 
including generation of neurotransmitters. Glycogenolysis during physical activity may spare 
 2 
glucose utilization for neurotransmitters, so that the brain has adequate fuel for neurons to 
perform critical functions for the brain to recover. Specific sites of the brain, such as the 
hypothalamus, sense central and peripheral glucose levels in order to regulate glucose 
metabolism and metabolite distribution. The axonal injury and synaptic plasticity that occurs in 
mTBI, decreases the brains ability to manage sufficient glucose and energy production for 
neuronal functioning (Bergsneider et al., 2001; Cook et al., 2008; Echemendia, 2006; McCrory et 
al., 2017; Mergenthalar et al., 2013).  
Currently, studies have revealed the value of nutrition therapy in supporting concussion 
management and recovery. Several animal studies report that meeting adequate nutrition support 
that includes omega 3 fatty acids, calories, glucose, ketones, and creatine may support 
assessment measurements return to baseline levels (Yoshino et al., 1991; Sullivan et al., 2000;, 
Hua Li et al., 2004; Cook et al., 2008;, McConeghy et al., 2012; Harmon et al., 2013; Weil et al., 
2014; Oliver et al., 2016a). Studies by Hartl et al., 2008, Cook et al., 2008, and Lucke-Wold et 
al., 2016, reported that patients who experienced a severe traumatic brain injury had improved 
recovery outcomes when consuming calories immediately post injury.  
Athletes who have had a concussion are at a 2 to 5.8 times higher risk of experiencing 
another concussion, heightened symptomology, and subsequent injury due to increased 
vulnerability of the post-concussed brain (Harmon et al., 2013). Clinical findings have revealed 
that the first 10 days post injury, present the highest risk of repeated injury (Broglio et al., 2014; 
McCrory et al., 2017). Athletes who have had a concussion are exposed to repeating a 
concussion when they do not fully recover to baseline measurements in reported symptoms. 
Ensuring that the athlete fully recovers to baseline is not only imperative, but will improve 
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management of cognitive performance, and ensure the safety and overall well-being of the 
athlete post athletic career.   
 
Research Questions 
1. To what extent of the relationship does meeting overall average calorie needs have on 
concussion recovery of collegiate athletes?  
2. To what extent of the relationship does a nutrition intervention containing a carbohydrate 
supplement have on concussion recovery of collegiate athletes? 
3. To what extent of the relationship does macronutrient intake have on concussion recovery of 
collegiate athletes? 
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CHAPTER II 
REVIEW OF LITERATURE 
Metabolic Cascade of Events 
Through a series of chemical reactions and reducing equivalents, the Tricarboxylic Acid 
Cycle (Krebs Cycle) produces ATP during normal metabolism. In the electron transport chain, 1-
2% of the oxygen generated from byproducts of free radicals at Complex I is normally released 
in the respiratory chain for removal. A sports related concussion decreases the availability of 
these reducing equivalents and increases the production of oxygen and intracellular accumulation 
of calcium. Due to this metabolic shift, an energy crisis occurs, where the brain requires more 
energy than is available. This increase in energy demand creates a hypermetabolic state resulting 
in tissue damage and a massive ion flux in the brain. Within the acute phase of the energy crises 
(< 1 hour) a large release of glutamate from presynaptic terminals disrupts the ionic equilibrium 
on postsynaptic membranes, contributing to the hypermetabolic and catabolic state observed 
(Prins et al., 2013). This hypermetabolic and catabolic state increases systemic and cerebral 
energy requirements as ATP, in order to promote cell firing that is blocked by the neurotoxin 
tetrodotoxin, that is increased due to the rapid efflux of potassium and uptake of calcium within 
the mitochondria (Giza & Hovda, 2014; Hovda et al., 1997; Prins et al., 2013).  
 An increase in catabolism creates a neurometabolic cascade of events, resulting in an 
increase demand for energy to reestablish homeostasis due to a decrease in cerebral blood flow 
and mitochondrial dysfunction (Giza & Hovda, 2014; Harmon et al., 2012; Prins et al., 2013). 
Glucose is shunted toward the pentose phosphate pathway creating lower levels of nicotinamide 
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adenine dinucleotide (NAD+) for the glyceraldehyde 3-phosphate dehydrogenase 
(GADPH) step. The decrease in NAD may be due to the enzymatic activation of poly (ADP-
ribose) polymerase (PARP), xanthine dehydrogenase, phospholipase A2 and nitric oxide 
synthase (NOS), in response to the DNA damage (Lewén et al., 2009). This activation generates 
less pyruvate, less production of ATP, and increases the production of oxidative damage and free 
radicals, creating the energy crisis. During this energy crisis, restoration of cellular homeostasis 
is attempted, causing hyperglycolysis where the ATP sodium-potassium ionic pumps, shift into 
overdrive. This shift creates a further reduction in cerebral blood flow, causing an uncoupling 
between energy supply and demand, leading to additional stress. This ion flux builds up lactic 
acid, and increases extracellular glutamate, binding to the ligand-gated receptor, N-methyl-D-
aspartate (NMDA), creating a change in membrane ionic balance. (Barkhoudarian et al., 2011; 
Cook et al., 2008; Hartl et al., 2008; Hovda et al., 1997; Vagnozzi et al., 2013). The additional 
stress creates free radicals that contribute to prolonged impairments and vulnerability of the brain 
to risk a repeated energy.  
Using animal models, Yoshino et al. (1991) showed that hyperglycolysis, a depletion of 
energy reserves, and an increase in ADP occurs in order to restore ionic cellular homeostasis. 
Hyperglycolysis can be observed within the first 8 days of cerebral glucose metabolism after 
traumatic brain injury (Bergsneider et al., 1997). This indicates the need for immediate glucose 
intake to compensate for the heightened demand in glucose catabolism that occurs in 
hyperglycolysis. After the acute phase of hyperglycolysis, a prolonged period of decreased 
cerebral glucose metabolism is observed. This period of prolonged decrease in cerebral glucose 
metabolism has been observed in experimental animal models of fluid percussion and controlled 
cortical impact. Glucose metabolic depression was found to be resolved within 5, 10, or 14 days 
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after mild, moderate, or severe fluid percussion injury in adult rats (Hovda et al. 1994; Thomas et 
al., 2000).  
Motor dysfunction is dependent upon the severity of the hypermetabolic state and the 
level of injury of the concussion. Hyperglycemia, protein catabolism, and an increased demand 
for glucose, stimulates the excess secretion of metabolic hormones, reducing energy storage and 
increasing the rate of glycolysis. Giza and Hovda (2014) reported within rat models a state of 
energy crisis occurs due to a Traumatic Brain Injury (TBI) and concluded that the increase in 
glucose metabolism seen within the energy crisis, happened immediately at the point of the TBI, 
lasting anywhere from 30 minutes to 4 hours. After 6 hours of a TBI, a state of glucose 
hypometabolism can occur. In humans, this glucose hypometabolic state has been reported to 
recover based on the severity of the TBI. Hypometabolism may range from lasting 7-10 days for 
mild TBI’s, (most commonly seen in sports related concussions) to months after a moderate to 
severe TBI (Barkhoudarian et al 2011; Giza & Hovda, 2014).  
 
Concussion Overview 
A concussion is a brain injury induced by biomechanical forces that create a complex 
pathophysiological process affecting the brain. Torres (2013) conducted a study using an 
anonymous survey of collegiate athletes and revealed that 25% of total participants indicated 
sustaining a sports related concussion during their athletic career. Of those, 46% indicated that 
concussions negatively impacted academic performance, and 64% reported missing practice or 
competitions due to concussion symptoms (Torres et al., 2013). Seventy to ninety percent of 
concussions resolve within 14 days (Weil et al., 2014), but 10% of athletes experience prolonged 
recovery periods past 7-14 days (McCrea et al., 2012). To provide the framework to further 
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investigate and understand the immediate, intermediate, long term and cumulative effects of 
concussions and repetitive head impact exposures, the National Collegiate Athletic Association 
(NCAA) and U.S. Department of Defense (DoD) established the largest ongoing concussion and 
repetitive head impact research to date, the Concussion Assessment, Research and Education 
Consortium (CARE Consortium) - which continues to publish findings in peer reviewed medical 
journals from its participating institutions and leading researchers (NCAA Sports Science 
Institute, 2018). Key findings of the CARE Consortium include: acute effects of concussion and 
repetitive head impact exposure; further investigation using advanced brain imaging techniques; 
clinical and neurobiological recovery times; gender differences within concussion diagnoses; the 
influence of age at first concussion exposure; associations of head impact mechanics and 
concussion symptoms; concussion test-retest reliability; and sleep duration and concussion 
recovery (NCAA Sports Science Institute, 2018). 
Common complications that may occur following a concussion include: acute impairment 
of neurologic functions, signs and symptoms (i.e. dizziness, headaches, nausea, vomiting, acute 
gastroenteritis, sleep disturbances); neuropathological changes that reflect functional 
disturbances; and graded clinical symptoms that potentially include loss of consciousness 
(McCrory et al., 2017). Several investigators (Ashbaugh & McGrew, 2016; Giza & Hovda, 2014, 
& Lewis et al., 2016; Prins et al., 2013), describe concussions as a disruption of neuronal cells, 
that can cause a continuous and random change of potassium efflux, and influx of sodium and 
calcium ions due to the release of excitatory neurotransmitters that bind to N-methyl-D-aspartate. 
Axonal and cell membrane disturbances occur due to sudden impact to the head or body, that 
transfers forces to brain tissue, causing stretching of brain cells, the release of neurotransmitters 
across the cell membrane, and an increase in utilization of cerebral glucose, activating pumping 
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mechanisms to restore ionic homeostasis (Giza & Hovda, 2014; Pabian et. al., 2013). When an 
athlete sustains a concussion, contusions can occur in the direct, and opposite planes of the brain. 
The prolonged secondary stage of injury in concussion consists of ischemia, axonal injury, 
cerebral edema, inflammation and regeneration. Figure 1 shows the overall cascade of events 
that occurs throughout concussions (Lewis, 2016). 
  
Figure 1 (Lewis, 2016). The overall metabolic cascade of events, where TBI is caused by a 
transfer of mechanical injury to the brain tissue. Secondary injury occurs over minutes to hours 
to days to weeks and even months. Numerous metabolic and biochemical cascades cause more 
damage than the initial insult itself. 
 
In order to restore the ionic imbalance that is created by neuronal depression and the 
increased extracellular potassium, an increased activity of the sodium-potassium pump occurs. 
Cellular protein homeostasis depends on the functioning system of protein turnover. The energy 
impairment that occurs activates proteases and cell death, causing oxidative stress that leads to 
an accumulation of damaged proteins that affect metabolic enzymes and the ubiquitin-
proteasome system (Giza & Hovda, 2014; Omalu et al., 2010; Yoshino et al., 1991). In animals, 
Yoshino et al (1991) has shown cognitive impairments and the increased accumulation of 
 9 
astrocytes or astrogliosis, where Mannix et al. (2013) revealed a removal of amyloid proteins or 
tau not occuring in chronic time points in a study of repetitive mTBI. With these continuous and 
randomized changes, the acute inflammation in the brain occurs at ~3 hours are preceded by the 
apoptotic response at ~6 to 48 hours post injury (Shojo et al., 2010). This leads to rapid 
activation of immune cells of the central nervous system, microglia, and astrocytes. These 
astrocytes are the most abundant cells in the brain, which stimulates the release of various 
growth factors, cytokines, and chemokines that regulate inflammation creating neuronal 
cytotoxicity. The inflammatory response, and release of cytokines and chemokines is a 
neuroprotective mechanism that initiates the recovery process post injury (Patterson & Holahan, 
2012). 
In humans, the hyperglycolytic state can last from 3 to 5 days (Prins, 2017). While 
glucose metabolism initially increases, a state of hypometabolism follows for upwards to 10 days 
in animals (Namjoshi et al., 2013; Yoshino et al., 2001) and can last up to 1 month or longer in 
humans (Giza & Hovda, 2014; Namjoshi et al., 2013). Along with a metabolic shift in glucose 
metabolism in mTBI’s, other physiological events associated with concussions include a 
decrease in serum magnesium, leaky blood brain barrier, activation of microglia (responsible for 
neuron protection), disruption of cell function, sympathetic nervous system and autonomic 
nervous system dysfunction, tauopathy where there is a hyperphosphorylation of tau protein 
becoming ubiquinated, diffuse axonal injury and shearing, prolonged calcium accumulation, 
neurofibrillary tangles, and changes in neurotransmitter activity (Lowenstein et al., 1992; 
McConeghy et al., 2012; Omalu et al., 2010; Takashi et al., 1981). 
These complications contribute to physical signs and symptoms such as nausea, fatigue, 
irritability, anxiety, insomnia, loss of concentration, loss of memory, loss of appetite, ringing in 
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the ears, visual disturbances, headaches, and balance changes that can potentially resolve in 2 to 
7 days (Broglio et. al., 2014; Harmon et. al., 2013; McCrory et. al., 2017). The long-term 
complications described can be considered post-concussive syndrome, lasting longer than the 2 
to 7-day period. Long term complications have been described as fatigability, poor 
concentration, behavior changes, sleep pattern changes, and mood alterations. Cessation of 
symptoms are not always equivalent to physiological recovery. With an increase in concussion 
research and improvement in protocols over time, clearance for return to play may be 
prematurely made prior to complete physiological recovery (McCrea & Guskiewicz, 2014). 
Athletes may also be hesitant on reporting symptoms authentically (McCrea et al., 2004; Kutcher 
et al., 2010).  
Physiological symptoms commonly subside within 2 to 7 days after injury. In a study by 
Askens et al. (2018), athletes who sustained a concussion and were immediately removed from 
sport activity lost significantly less time, an average of 3 fewer days, and reported less severe 
symptoms when compared to athletes with delayed removal from activity. Immediate removal 
from athletic activity had a 39% lower likelihood of requiring 14 days of alleviated symptoms, 
and 47% lower likelihood of requiring more than 21 days to achieve full medical clearance for 
sport. Studies have shown that athletes who continue to play while experiencing concussion 
symptoms had longer symptom duration and severer clinical assessment scores, than those who 
were immediately removed, increasing recovery time to > 14 days (Asken et al., 2018, Elbin et 
al., 2016; Heyer et al., 2016). Slower recovery rates from concussion has consistently been 
predicted by the severity of a person’s acute and subacute symptoms (Iverson et al., 2017). 
 
Loss of Appetite  
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The brain must detect energy stores and match energy intake with expenditure to obtain 
energy balance. Energy homeostasis, glucose metabolism, and the regulation of appetite is 
controlled by neuronal connections that affect eating behaviors (Ahima & Antwi, 2008) and 
regulate metabolic pathways (Cornejo et al., 2016). The regions critical for appetite regulation 
include the arcuate nucleus of the hypothalamus, prefrontal cerebral cortex, and the amygdala 
(Guyenet, 2017).  
Loss of appetite is a common symptom observed in concussions. Experiencing a loss of 
appetite contributes to the symptom severity score. Visual, olfactory, and gustatory stimuli 
stimulate an increase in exocrine and endocrine secretions that impact the desire for the 
individual to eat to meet energy intake (Ahima & Antwi, 2008). In a review of studies using rat 
models, mechanical damage of the ventromedial nucleus within the hypothalamus was shown to 
have an effect on appetite hormones and eating behaviors (Hetherington & Ranson, 1940). The 
neurological damage observed in concussions may affect the regions critical for regulating the 
individual’s appetite and dietary intake.  
 
Inadequate Energy Intake 
In a review of hormonal activity and brain function, Gomez-Pinalla (2008) explored how 
nutrients and hormones affect neurological function. Adipogenic hormones (such as leptin and 
ghrelin) that control satiety and hunger, may be affected in sports related concussions if the 
regions of the brain that effect appetite are impacted. Leptin controls individual satiety and sends 
signals to tell an individual to decrease food intake. Leptin receptors can be found in several 
brain areas, including the hypothalamus, the cerebral cortex, and the hippocampus, revealing that 
this hormone may mediate energy homeostasis, and the thought process behind food intake 
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(Gomez-Pinilla, 2008). The hormone ghrelin acts as an appetite stimulant and is released when 
the stomach is empty. Within the nucleus of the hypothalamus and the hippocampus, ghrelin is 
found as an endogenous ligand of the receptor that secretes growth hormone (Druce, 2006; 
Gomez-Pinalla, 2008). With neuronal damage occurring in concussions, the production of these 
hormones may be affected, and this may potentially be the cause of loss of appetite, and the 
inability to consume adequate energy intake. 
 
Baseline Measurements 
Previous studies have reported that athletes ranging from the high school to elite level 
may hide concussion symptoms from health care professionals to prevent missing time in 
training and/or competition (Register-Mihalik et al., 2013; Torres et al., 2013). Hiding 
concussion symptoms poses a risk that the athlete may return to play before they are fully 
recovered.  
Reported symptoms play a significant role in concussion management assessment. 
Therefore, baseline and postinjury assessment test are often administered to avoid the 
underreporting of symptoms by athletes and subsequent risk of further neurological injury. In the 
National Football League (NFL), Major League Baseball (MLB), and most collegiate sport 
settings, Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT) has been 
found to be the most used concussion management testing assessment tool (Broglio et. al., 2014; 
Echemendia, 2006). ImPACT evaluates the severity of concussion’s by establishing a 
comparison between baseline measurements established prior to concussion and the post injury 
results of the athlete with the concussion. This provides objective data to inform return to play 
decisions and decrease the likelihood of athletes hiding or underreporting symptoms. Testing 
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protocols may utilize assessment tools, such as the Sport Concussion Assessment Tool (SCAT5), 
that are administered by the sports medicine team including athletic trainers (ATC), sports 
medicine director/physicians (MD), school nurses, sport coaches, and anyone trained to 
administer the baseline test (Maroon & Bost, 2011).   
 SCAT was developed in 2005 by the International Conference of Concussion in Sport 
and incorporates both symptom evaluation, and cognitive and physical evaluation (Broglio et. al., 
2014; Echemendia et. al., 2013; Pabian et al., 2013). The latest revisions of the test were made in 
2016 by the International Conference of Concussion in Sport, who changed its name to SCAT5 
(McCrory et al., 2017). When a player shows any of the signs or symptoms previously described, 
a stepwise procedure of the on-field or sideline evaluation should be followed. The player is 
evaluated by a physician or other licensed healthcare provider on site, where the appropriate 
disposition of the player must be determined by the treating health care provider. The SCAT5 
assessment should be made once first aid issues are addressed. If the player is diagnosed with a 
concussion, the athlete should not be allowed to return to play the day of the injury (McCrory et 
al., 2017). After this assessment is made, a return to play protocol is initiated, and at this time, 
nutrition support can be of value to give the athlete the necessary tools for an accelerated and 
optimized recovery (Sullivan et al., 2000; Hua Li et al., 2004; Cook et al., 2008; McConeghy et 
al., 2012; Harmon et al., 2013; Weil et al., 2014; Oliver et al., 2016a). 
 In baseline assessment testing, accurate interpretations of neurocognitive scores from 
sports medicine practitioners can be difficult to assess due to the various factors associated with 
performance outcomes that could lower performance and impact the performance validity 
(Abeare et al., 2018). Factors that have been associated with significantly influenced 
neurocognitive test include gender differences (Covassin et al., 2006), previous history of 
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concussions (Collins et al., 2016), history of learning disabilities such as attention deficit-
hyperactivity disorder (ADHD) (Collins et al., 2016; Elbin et al., 2013; Houck et al., 2017), 
psychological stress disorders such as anxiety and depression (Bailey et al., 2010), education 
level (Jones et al., 2014), and age and race (Houck et al., 2017).  
The return to play decision making process should not begin until the athlete no longer 
reports concussion-based symptoms, has a normal clinical examination with a physician, and 
demonstrates pre-injury cognitive performance levels and motor control (Broglio et al., 2014; 
McCrory et al., 2017). Before the athlete can fully participate in sport, the athlete should 
participate and graduate through the “Graduation Return to Play Protocol”. This protocol 
implements stages of physical activity that are separated by at least 24 hours (no activity; light 
exercise, 70% of age predicted maximal heart rate; sport-specific activities without the threat of 
contact from others; non-contact training involving others, resistance training; unrestricted 
training; and return to full participation) (Broglio et al., 2014). In a study by Willer et al (2019) 
aerobic exercise improved recovery time of concussions in adolescent athletes (aged 13-18 
years) when compared to a rest group and placebo-like stretching group, revealing that active 
concussion treatment may improve concussion recovery outcomes when compared to relative 
rest recommended in concussion treatment. 
 
Concussion Reoccurrence Risk 
Athletes are 2 to 5.8 times at higher risk of experiencing heightened symptoms, 
subsequent injury, and another concussion due to increased vulnerability of the brain post-
concussion (Broglio et al., 2014; Harmon et al., 2013; Hartl et al., 2008; Maroon et al., 2011). 
Clinical findings reveal that the first 10 days post initial injury has the highest risk of repeated 
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injury (Broglio et al., 2014; McCrory et al., 2017). Athletes are exposed to repeating a 
concussion within the first 10 days post-concussion injury (Giza & Hovda, 2014) when they do 
not fully recover to baseline measurements, or if individuals have experienced the first 
concussion before the age of 18 (Scmidt et al., 2018).  
In animals, the period of reduced glucose metabolism immediately post-concussion is 
associated with greater neurological impairments if the second injury took place post full 
metabolic recovery (Giza & Hovda, 2014). Repeated concussions were associated with worsened 
signs and symptoms, prolonged recovery time, early onset of age-related memory complications, 
dementia, persistent headaches, chronic traumatic encephalopathy, sleep disturbances, lowered 
concentration, and irritability. Returning to play and suffering a second concussion before fully 
recovering to baseline risk second impact syndrome. Second impact syndrome is the effect of 
cerebral swelling that can result in a coma and severe neurological decline. Suffering second 
impact syndrome has led to 30 to 40 deaths over the past decade (Barkhoudarian et al., 2011; 
Harmon et al., 2013; Torres et al., 2013). Ensuring that the athlete fully recovers to baseline 
measurements is not only imperative to the athlete’s safety, but will improve management of 
cognitive performance, and the overall health of the athlete post athletic career. 
 
Nutrition Therapy 
Several studies have investigated the role of nutritional status in concussion management 
and recovery in animals, and have found a relationship between improved dietary intake and 
recovery effects on the acceleration of return to baseline assessment measurements (Yoshino et 
al., 1991; Sullivan et al., 2000; Hua Li et al., 2004; Cook et al., 2008; McConeghy et al., 2012; 
Harmon et al., 2013; Weil et al., 2014; Oliver et al., 2016a). Studies by Hartl et al. (2008), Hovda 
 16 
et al. (2009), Cook et al. (2008), and Lucke-Wold et al. (2016), reported calories should be 
consumed immediately post traumatic brain injury. The pathophysiological cascade of events 
may suggest a molecular window for nutrition interventions to support adequate recovery.  
Within 30 minutes following injury within the hippocampus, an altered expression within a large 
number of genes shows an acute response of hyperglycolysis that is maintained 24 hours post-
concussion (Hua Li et al., 2004). In an analysis of prospective data by Hartl et al. (2008), 797 
patients in 22 centers found that mortality following traumatic brain injury improved per 10 to 
25kcal/kg increase in energy intake. Current  nutritional recommendations in clinical patients 
with traumatic brain injuries include, consuming 140% above resting metabolic expenditure in 
caloric intake within the first 5 days, at least 1.0 to 1.5 g/kg of protein for two weeks post injury, 
and Omega 3 fatty acid and creatine supplementation for the duration of concussion symptoms 
(Cook et al., 2008). These recommendations assist with meeting the athletes caloric needs to 
generate enough ATP and anti-inflammatory properties to protect and assist the brain in to 
regenerate damaged cells throughout the recovery process. 
 
Omega 3 Fatty Acids 
The recommendation for daily dietary fat intake is based on indvidual needs toward 
health, body composition, training regimen, type of sport, and position relative to sport. Omega 3 
fatty acids are recognized for cardiovascular benefits, neurodevelopment properties and 
functions, and commonly recommended by Sports Registered Dietitians (RDN) to be consumed 
via the athlete’s normal diet (Wilson & Madrigal, 2016). The Omega 3 fatty acids include 
docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), and alpha-linolenic acid (ALA). 
The human brain primarily consists of 97% DHA, with high concentrations within phospholipids 
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of neuronal plasma membranes and synaptic vesicles (Bazan, 2005). A recent study from 
Anzalone et al. (2019) revealed that 34% of collegiate athletes are in a “high risk” category of 
sport concussions due to low dietary intake of Omega 3 fatty acids assessed by erythrocyte levels 
of Omega 3. Current findings have reported the protective propertites of Omega 3 fatty acids 
against plasticity of neurons, impaired learning, and oxidative stress resistance created from a 
concussion (Ashbaugh & McGrew, 2016; Gomez-Pinilla, 2008; Lucke-Wold et al., 2016; 
Maroon & Bost, 2011; Wilson & Madrigal, 2016). DHA has shown to promote synapse 
formation and glutamate receptor expression, reducing excitotoxicity (Lucke-Wold et al., 2016). 
Supplemental DHA on plasma DHA was studied by Oliver et al. (2016), where 6 grams of 
Omega 3 fatty acids supplemented per day had a substantial increase on plasma DHA in 
comparison to the 4 grams per day and 2 grams per day tested groups. This supplemental DHA 
has also shown to improve cognition and reduce cell death of neural tissue (Lucke-Wold et al., 
2016). Experimental data within the athletic population is limited, but Omega 3 fatty acid 
supplementation can potentially contribute to the recovery process of concussion injuries for 
athletes. 
 
Protein Requirements 
 In the position of the Academy of Nutrition and Dietetics (Academy), Dietitians of 
Canada (DC), and the American College of Sports Medicine (ACSM) for nutrition and athletic 
performance, protein requirements of 1.2 to 2.0g/kg/day are recommended to support metabolic 
adaptation, repair, remodeling, and protein turnover in athletes (Thomas et al., 2016).  In healthy 
athletic populations, supplying greater amounts of protein between 1.6–2.4 g protein/kg/day may 
improve the preservation of lean body mass and muscle protein synthetic rates when energy 
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intake is limited (Hector & Phillips, 2018), where protein doses should be evenly distributed 
every 3 to 4 hours with 20 to 40 grams per ingestion period across the day (Kerksick et al., 
2018). The pathogenic process related to the secondary phase of recovery following concussions 
include neuroinflammation, increased excitatory amino acids, free radicals and neuronal damage 
(Barrett et al., 2014). Meeting protein requirements can potentially be a factor in the support of 
these complications described. Further research is warranted on the implementation, timing, and 
observation of protein intake and its effect on concussion recovery in the athletic population.   
 During the energy crises of concussions, creatine may theoretically improve brain 
function by providing energy during times of accelerated ATP usage. Creatine supplementation 
may protect the brain against acute physiological symptoms experienced within concussions, 
while facilitating recovery (Dolan et al., 2018; Kreider, 2003; Sullivan et al., 2000). 
Experimental data in humans is limited but reveals that the supplementation of creatine may 
potentially improve cognition, communication, behavior, and reductions in headaches, dizziness, 
and fatigue in children with traumatic brain injuries (Sakellaris, et al., 2006; Sakellaris, et al., 
2008). Dietary intake of sources high in creatine may pose similar benefits in concussion 
recovery as those seen in supplemental creatine ingestion. 
 
Carbohydrates: Utilization and Restoration 
During times of stress, hormones are released to mobilize energy production and 
utilization. The pancreas is stimulated to release glucagon, where glucocorticoids, glucagon, and 
the sympathetic nervous system raises blood levels of glucose. Adequate carbohydrate 
consumption assures sufficient glucose levels in order for the brain to have adequate fuel and 
activate regions of the brain that can enhance performance when carbohydrates are present in the 
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mouth (Chambers et al., 2009; Gant, Stinear, & Byblow, 2010; Turner et al., 2014). With 
carbohydrate consumption, muscle and liver glycogen stores are replenished. In a review by 
Obel et al. (2012), astrocytes within the brain store glycogen. The glycogen reserved within 
astrocytes are primarily utilized for functions such as synaptic activity and memory formation 
during hypoglycemia or ischemia. Glycogen available within muscle allow for glycogenolysis 
for the athlete to have sufficient energy to utilize during training and competition. Sufficeint 
energy storage and utilization that matches the intensity and duration of the athlete’s specific 
sport demands can prevent injury and muscle degradation for the overall health and recovery of 
the athlete. 
The brain utilizes an abundant amount of calories and glucose in relation to the rest of the 
body in order to transfer energy into neurons to properly function. The metabolism of glucose 
generating ATP, provides energy for the brain to maintain cell maintenance and generation of 
neurotransmitters. Glycogenolysis during physical activity spares glucose utilization for 
neurotransmitters, so that the brain has adequate fuel for neurons to provide critical functions. 
Specific sites of the brain, such as the hypothalamus, sense central and peripheral glucose levels 
in order to regulate glucose metabolism and metabolite distribution. Axonal injury and synaptic 
plasticity that occur in concussions, decreases the brains ability to manage sufficient glucose and 
energy production for neuronal functioning (Bergsneider et al., 2001; Cook et al., 2008; 
Echemendia, 2006; Gomez-Pinalla, 2008; Mergenthalar et al., 2013; McCrory et al., 2017; 
Shanley et al., 2001; Venyman et al., 2006).  
 
Dietary Assessment 
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Assessing the dietary intake of athletes is important to measure the overall nutrient and 
calorie intake contributing to concussion recovery. Various dietary assessments and analyses are 
utilized by RDN’s to observe and assess the dietary intake of athletes. Some of the assessment 
tools utilized to measure dietary intake include dietary record (DR) and mobile phone image 
based dietary assessment. The DR method is considered the “gold standard” of dietary methods 
utilized within research. This method is used as a reference tool in calibration or validation 
studies and provides the ability to be filled in by another individual other than the RDN. Mobile 
phone images can assist with the accuracy of recording dietary intake by capturing food and 
meal images. This method can potentially detect missing data when comparing DR assessments 
with camera and mobile telephone technology during real time for individuals with disabilities, 
or in the case of the subject matter, cognitive impairment due to injury (Ortega et al., 2015; 
Ptomey et. al., 2015). The Nutrition Data System for Research (NDS-R) is used to assess dietary 
intake, by calculating the amount of nutrients from the foods collected within the dietary 
assessment tool used to measure dietary intake. The combination of these methods can reduce 
recall bias by improving the quality of data and compliance of the participants (Martin et. al., 
2012; Rollo et al., 2015). An assigned support staff member/athlete/guardian can assist with 
recording these images when the concussed athlete is not cleared to utilize electronic devices.  
 There is growing evidence to show the effects of nutrition intervention and 
supplementation on concussion recovery; however, the direct cause and to what extent these 
effects have is yet to be determined. Furthermore, in the athletic setting, there is insufficient data 
regarding the utilization of carbohydrate supplementation, dietary assessment, and the interaction 
of overall dietary intake and on return to baseline measurements from pre and post-concussion 
assessments. The purpose of this investigation was to implement a nutrition intervention, 
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including a carbohydrate supplement, at the time of concussion diagnosis or suspicion of 
concussion. Additionally, total calorie and dietary intake related to return to baseline 
measurements from pre and post-concussion assessments was observed. The goal of this study is 
to contribute to the limited literature on post-concussion recovery and the impact of overall 
energy intake on return to baseline recovery rates. 
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CHAPTER III 
METHODS 
 
Participants 
Participants included 40 division I collegiate athletes who were 18 years of age or older 
from a southeastern university in the United States (mean age = 19.83, SD = 1.01). Participants 
were randomly assigned to a control (n = 22) group or intervention group (n = 18) once 
diagnosed with a concussion. This study was approved by the University of Mississippi 
Institutional Review Board protocol number 19-005. 
 
Procedure 
 Pre-participation consent forms were given during preseason physical screenings or 
preseason team meetings [Appendix A]. Athletes suspected of or diagnosed with concussion 
were referred to the attending team ATC to follow injury protocol. The athlete was then referred 
to the team RDN. The RDN met with the athlete to provide the supplement. If the injury 
occurred out of town or if the RDN was not available to administer the supplement within the 
initial serving window, the attending team ATC followed the supplement protocol and 
instructions [Appendix C]. The RDN met with the athlete daily in the training room when the 
athlete was in for the physician assessment until return to baseline was achieved. One of every 2 
athletes with a concussion or suspicion of concussion was assigned to the intervention group, the 
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others were assigned to the control group. For the Intervention group: single serving packet(s) 
(26 grams) of a cornstarch based carbohydrate supplement were provided at immediate impact of 
the suspected concussion or within 30-60 minutes of diagnosis, every other hour within the first 
4 hours the day of the diagnosis, and twice per day until the athlete returned to baseline from pre-
concussion cognitive assessment test. 
 
Measures 
The MD and RDN determined the best mode of dietary intake procedure. For both the 
control and intervention groups, the primary investigator and team RDN, recorded daily dietary 
intake using 1 of 3 methods depending on recommendations of the MD regarding exposure to 
electronic devices: mobile phone image based dietary assessment by assigning a 
roommate/teammate to send a picture of each meal/snack consumed daily, along with times of 
dietary consumption during concussion protocol if the participant was not cleared to use mobile 
devices (Martin et al. 2009); met with the student athlete(s) in the on-campus dining facility daily 
during main meal times (i.e. breakfast/lunch/dinner); or met with the participants during daily 
injury and symptomology assessment with the team ATC. 
Estimated dietary intake for all participants was analyzed using the NDS-R by a trained 
investigator and RDN of the study. The results from the NDS-R was compared to the results of 
estimated energy needs using the Nelson equation to determine resting metabolic rate (RMR) 
(Nelson, Weinsier, Long & Schutz, 1992). To determine total energy expenditure (TEE), an 
activity factor of 2.07 was multiplied to RMR. This activity factor corresponds to that of a very 
active population. RMR was expressed as kilocalorie per day (kcal/day) and calculated (RMR = 
25.80 x Fat-free mass (kg) + 4.04 x Fat mass (kg).  
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Concussion related symptoms were self-reported and selected on the Sport Concussion 
Assessment Tool (SCAT5) symptom evaluation form by the participating athlete during daily 
assessments with the team ATC [Appendix B] (Echemendia, et al., 2017). The SCAT5 is a 
concise and relevant sideline clinical concussion evaluation tool that includes a Graded Symptom 
Checklist (GSC); the Standardized Assessment of Concussion (SAC); and the 6 surface 
conditions of the Modified Balance Error Scoring System (mBESS). The GSC assesses 22 
symptoms commonly associated with concussion. A 7-point Likert scale is used to rate each 
symptom as 0 for not present, 1 to 2 for mild, 3 to 4 for moderate, and 5 to 6 being severe. 
Including a symptom evaluation form such as the Sport Concussion Assessment Tool (SCAT5), 
improves the model’s discrimination ability when using regression models to combine multiple 
assessments validity and accuracy (Garcia et al., 2018). 
 
Statistical Analysis 
A 2 x 2 factorial analysis of variance was conducted on number of days until symptoms 
reach baseline based on daily average calorie intake and comparing the control and intervention 
groups of collegiate athletes at a division I southeastern university. A multiple regression 
analysis was conducted on the number of days until symptoms reached baseline based on daily 
macronutrient intake of carbohydrate, protein, and fat of collegiate athletes at a division I 
southeastern university. All statistics were run in SPSS version 26 (IBM, Chicago, IL).  An a 
priori alpha level of 0.05 was used in all analysis.  
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BACKGROUND 
Mild traumatic brain injuries or sports related concussions are injuries that can occur in 
team sports such as American football, basketball, soccer, volleyball, and wrestling. Studies by 
Hartl et al., 2008, Cook et al., 2008, and Lucke-Wold et al., 2016, have shown that subjects who 
have experienced a traumatic brain injury, need to consume calories immediately post injury. In 
hospitalized severe traumatic brain injuries, energy intakes in the range of 25–50 kcal/kg per day 
are generally recommended (Cerra et al., 1997; Bratton et al., 2007; McClave et al., 2009). 
Athletes are 2 to 5.8 times at higher risk of being exposed to a repeated concussion, experiencing 
heightened symptoms, and subsequent injury when they do not fully recover to baseline 
measurements post-concussion (Harmon et al., 2013). 
 In concussions, axonal injury and synaptic plasticity creates a metabolic cascade of 
events. The brains ability to adequately manage and utilize sufficient glucose and energy 
metabolized for proper neurological function decreases due to the decrease in cerebral blood 
flow as the demand for glucose metabolism and uptake increase. The neurological damage in 
concussions create a hypermetabolic state leading to, hyperglycemia, accelerated protein 
catabolism, and an increased demand for energy in order to start the recovery process. In 
animals, Yoshino et al. (1991) reported that hyperglycolysis and an increase in adenosine 
diphosphate occurs in order to restore ionic cellular homeostasis. In humans, this hyperglycolytic 
state last up to 3 to 5 days (Prins, 2017). During the hypermetabolic state, an “energy crises” is 
observed immediately following impact of concussions and can last anywhere between 30 
minutes to 4 hours (Barkhoudarian et al., 2011; Giza & Hovda, 2014). The hypometabolic state 
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following can last throughout the duration of the recovery process, lasting longer than 10 days in 
animals and 1 month or longer in humans (Giza & Hovda, 2014; Namioshi et al., 2013).  
These complications contribute to physical signs and symptoms such as nausea, fatigue, 
irritability, anxiety, insomnia, loss of concentration, loss of memory, loss of appetite, ringing in 
the ears, visual disturbances, headaches, and alterations to balance that can potentially resolve in 
2 to 7 days (Broglio et. al., 2014; Harmon et. al., 2013; McCrory et. al., 2017). These symptoms 
can decrease calorie intake below what is needed for adequate recovery. The inability to meet 
calorie needs decreases the overall energy consumed that is needed for cell maintenance and 
neurotransmission for neurons to initiate proper brain function and recovery. Slower recovery 
rates from concussion has consistently been predicted by the severity of a person’s acute and 
subacute symptoms (Iverson et al., 2017). 
There is growing evidence to show the effects of nutrition therapy and supplementation 
on concussion recovery (Ashbaugh & McGrew, 2016; Oliver et al., 2018); however, the direct 
cause and to what extent these nutrition interventions have is yet to be determined. The purpose 
of this investigation was to observe the extent of the relationship total calorie intake and a 
carbohydrate-based nutrition intervention has on return to baseline measurements in concussions.  
 
METHODS 
Participants 
Participants included 40 division I collegiate athletes who were at least 18 years of age 
and at a southeastern university in the United States (mean age = 19.83, SD = 1.01). After being 
diagnosed with a concussion, participants were randomly assigned to a control (n = 22) group or 
intervention group (n = 18). This study was approved by the University of Mississippi 
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Institutional Review Board protocol number 19-005. Pre-participation consent forms were given 
during preseason physical screenings or preseason team meetings. 
 
Procedures 
Athletes diagnosed or suspected of a concussion were referred to the attending team 
athletic trainer (ATC) to follow injury protocol. The athlete was then referred to the team Sports 
Dietitian (RDN). The RDN met with the athlete to provide the supplement. If the injury occurred 
out of town or if the RDN was not available to administer the supplement within the initial 
serving window, the attending team ATC followed the supplement protocol and instructions. The 
RDN met with the athlete daily to record dietary intake until the athlete was asymptomatic. One 
of every two athletes with a concussion or suspicion of concussion was assigned to the 
intervention group; the others were assigned to the control group. For the Intervention group: 
single serving packet(s) (26 grams) of a cornstarch based carbohydrate supplement was provided 
at immediate impact of suspected concussion or within 30-60 minutes of diagnosis, every other 
hour within the first four hours the day of the diagnosis, and twice per day until the athlete 
returns to baseline from pre-concussion cognitive assessment test.  
 
Measures 
Concussion related symptoms were self-reported and selected on the Sport Concussion 
Assessment Tool (SCAT5) by the athlete during daily visits with the team ATC (Echemendia, et 
al., 2017). The SCAT5 is a concise and relevant sideline clinical concussion evaluation tool that 
includes a Graded Symptom Checklist (GSC); the Standardized Assessment of Concussion 
(SAC); and the 6 surface conditions of the Modified Balance Error Scoring System (mBESS). 
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The GSC assesses 22 symptoms commonly associated with concussion. A 7-point Likert scale is 
used to rate each symptom as 0 for not present, 1 to 2 for mild, 3 to 4 for moderate, and 5 to 6 
being severe.  Including a symptom evaluation form such as the Sport Concussion Assessment 
Tool (SCAT5), improves the model’s discrimination ability when using regression models to 
combine multiple assessments validity and accuracy (Garcia et al., 2018). 
Estimated calorie intake for all participants was analyzed using the Nutrition Data System 
for Research (NDS-R) by an RDN trained to use NDS-R. A trained research associate also 
analyzed the dietary intake using NDS-R while under the supervision of the trained investigator. 
The trained investigator provided clear instructions to support consistency and reliability in 
comparing estimated calorie intake assessments. The results from the NDS-R was compared to 
the results of estimated energy needs using the Nelson equation to determine resting metabolic 
rate (RMR). (Nelson, Weinsier, Long & Schutz, 1992). To determine total energy expenditure 
(TEE), an activity factor of 2.07 was multiplied to RMR. This activity factor corresponds to that 
of a very active population. RMR was expressed as kilocalorie per day (kcal/day) and calculated 
(RMR = 25.80 x Fat-free mass (kg) + 4.04 x Fat mass (kg). 
The Sports Medicine Director (MD) and RDN determined the best mode of dietary intake 
procedure. For both the control and intervention groups, the primary investigator or RDN 
recorded daily dietary intake using 1 of 3 methods depending on recommendations of the MD 
regarding exposure to electronic devices: mobile phone image based dietary assessment by 
assigning a roommate/teammate/guardian to send a picture of each meal/snack consumed daily, 
along with times of dietary consumption during concussion protocol if the participant was not 
cleared to use mobile devices (Martin et al. 2009); met with student athlete(s) in the On-Campus 
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dining facility daily during main meal times (i.e. breakfast/lunch/dinner); or met with 
participants during daily injury and symptomology assessment with the team ATC.  
 
Statistical Analyses 
A 2 x 2 factorial analysis of variance was conducted on number of days until 
asymptomatic based on daily average calorie intake (overall avg calories met; yes =1, no=0) and 
comparing the control and intervention groups (control/intervention; control=0, intervention=1). 
All statistics were run in SPSS version 26 (IBM, Chicago, IL).  An a priori alpha level of 0.05 
was used in all analysis. Shapiro-Wilks was used to test for normality assumption. Levene’s Test 
of Equality of Error Variances was used to test for homogeneity of variance assumption. Cohen 
(1973) suggest using h2 to determine effect sizes and interpreted using the criteria of small (.01), 
moderate (.06), large (.14).  Thus, the total number of participants used in analysis for the total 
number of days until asymptomatic was forty (n = 40). Given the sample size of n = 40, 
statistical significance would be detected for large effect sizes, h2 > .17. 
 
RESULTS 
A 2 x 2 factorial analysis of variance was conducted on the number of days until the 
subject was asymptomatic and overall average calories met throughout the duration of the 
concussion protocol. Descriptive statistics are reported in Table 1. An alpha level of .05 was 
considered significant. The control and intervention group were normally distributed. Overall 
average calories met was also normally distributed between the overall calories being met and 
overall calories not being met group. Variances were homogeneous, FLevene (3, 36) = 1.91, p = 
.15. 
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There was not a statistically significant interaction between the control/intervention and 
overall avg calories met, F(1,36) = .17, p = .69. Statistically significant differences were found in 
number of days until asymptomatic between overall avg calories met (yes or no), F(1,36) = 
36.74, p<.001. Subjects who met overall average calories improved number of days until 
asymptomatic (see Table 1). A large effect size was noted h2=.50 indicating a strong degree of 
practical significance. Statistical significant differences were not found in number of days until 
symptoms reached baseline between the control/intervention group, F(1,36) = .37, p = .54. A 
small effect size was noted h2 = .01 indicating a weak degree of practical significance. 
Table 1  
Means and Standard Deviations for Number of Days Until Asymptomatic by Overall Calories Met and 
Experiment 
 Control Intervention Total 
Overall Avg Calories Met N M SD N M SD N M SD 
Yes 10 3.10 1.37 12 2.92 1.73 22 3.00 1.54 
No 12 8.92 3.75 6 8.00 3.57 18 8.61 3.61 
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Table 2 
Analysis of Variance for Number of Days Until Asymptomatic 
Source df F ph2 p 
Control/Intervention (E) 1 .37 .01 .54 
Overall Avg Calories Met (Kcal) 1 36.72 .50 <.001* 
E X Kcal 1 .17 .00 .68 
S within group error 36 (7.46)   
Note. The value enclosed in parentheses is the mean square error (MSW). S=Subjects,  
* Significant effect on number of days until asymptomatic, p < .05 
 
Table 3 
Multiple Comparisons for Number of Days Until Asymptomatic Among Overall Avg Calories 
Met & Treatment 
Independent Variable ∆M SE∆M 95% CI for ∆M 
Yes-No -5.45* .90 -7.27 -3.63 
Control-Intervention .55 .90 -1.27 2.37 
Note. ∆M = Mean difference. SE∆M = Standard error ∆M, p < .05 
* Significant effect on number of days until asymptomatic, p <. 05 
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DISCUSSION 
The findings of this investigation suggest that meeting overall energy needs may shorten 
the length of time symptoms are present post-concussion. Meeting overall average calories (∆M 
= -5.45, p<.001) throughout the course of concussion recovery resulted in a reduced number of 
days by an average of 5 days (h2=0.50). Although symptom duration overall had a duration of 
mean 5.53 + 3.87 days, full clinical recovery still needs to be further investigated. In an analysis 
of prospective data by Hartl et al. (2008), 797 Patients in in 22 centers found that mortality 
following traumatic brain injury improved per 10 kcal/kg to 25 kcal/kg increase in nutrition 
support by the Brain Trauma Foundation. Seventy to ninety percent of concussions resolved 
within 10-14 days (Weil et al., 2014), where ten percent of athletes experience prolonged 
recovery periods past 14 days (McCrea et al., 2012). 
In a preliminary study, concussed adolescent athletes were observed consuming fewer 
calories (Bernitt et al., 2017). The loss of appetite following a concussion can prolong recovery 
time and heighten symptoms of concussions by not allowing the athlete to consume sufficient 
energy needed to support recovery. Similar to the findings in Frakes et al., 2019, the 
experimental group did not have a significant decrease in the number of days of symptom 
alleviation (p=0.57), but an average decrease in number of days of symptoms experienced was 
observed. Even though the results of the experimental group were not statistically significant, 
this small difference can support nutrition intervention implementation in concussion injury 
protocol. Optimizing and supporting concussion injury recovery protocols benefits the athlete by 
integrating a multidisciplinary plan of care, support full neurometabolic recovery, decrease time 
to return to full participation, improves the management of cognitive performance, and improves 
the future well-being of the athlete post athletic career.  
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There is conflicting evidence revealing that energy or calorie restriction can inhibit the 
recovery of concussions in animal models. Liu et al (2017) observed how calorie restriction diets 
may ameliorate cognitive dysfunction following concussions in mice by promoting autophagy 
and inhibiting astrogliosis for 30 days. Further animal models have revealed that calorie 
restriction correlated with improved recovery outcomes from mTBI when compared to a high fat 
diet (Mychasiuk et al., 2015), and/or standard diet (Rich et al., 2010; Mychasiuk et al., 2015).  
Although the findings of calorie restriction may show positive results of concussion 
recovery in animal models, the research is lacking in humans, and challenges will present when 
implementing similar protocols in athletes. Energy is essential in supporting basal metabolism 
and digestion processes. Energy demands increase as physical activity and psychological stress 
increases. The methodology used in these animal models may pose an ethical challenge and 
health risk to the athletic population due to the increase demand of calories needed for 
performance and recovery. Calorie restriction diets decreases overall food intake, which can risk 
decreases in lean muscle mass, nutrient deficiency, increased rates of fatigue, decreased sex 
hormone production, reduced bone formation and increased resorption, and lowered immune 
system integrity. Further research is warranted in the context of implementing a calorie 
restriction protocol to mitigate symptomology without conflicting with the athlete’s needs for 
performance, recovery, and academic success. 
Dietary intake can have day to day variability, which may pose a risk of inaccuracy, 
underreporting, and limitations to the dietary intake data collected.  Limitations that may be seen 
in dietary methods include: unusual dietary intake not natural to the student-athlete, not reporting 
actual intake and altering dietary behaviors due to the knowledge and amount of foods being 
recorded, risk of misinformation for athletes with lower literacy levels and language barriers, and 
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risk of participant and observer burden based on time, resources, and repeating measures. These 
limitations can increase sources of error between the athletes and the researchers collecting the 
dietary intake. Sources of error based on the respondents include: motivation, memory, 
communication skills, over or underestimation, personal characteristics (age, sex, obesity); where 
the sources of error from the researchers include: insufficient training to instruct individuals on 
completing the dietary record sufficiently, not thoroughly reviewing the foods collected within 
the dietary record, and the risk of tabulation and food codification (Ortega, Perez-Rodrigo, & 
Lopez-Sobaler, 2015). 
Consideration with variability in accuracy and validity in this investigation should be 
noted. The timing of the treatment and dietary assessment may vary due to the travel within the 
competitive schedule, where access to the RDN may be limited in recording the dietary 
assessment accurately. Symptom reporting is also a subjective and non-normally distributed 
measurement reported. The recorded athlete reported symptom evaluation may contain outdated 
or inaccurate measurements toward full clinical recovery, especially if baseline measurements 
are not reassessed annually (Broglio et al., 2018). Neurometabolic recovery needs to be further 
considered and researched when paired with symptom evaluation to assist with the accuracy and 
validity of clinical recovery. Athletes may potentially be cleared to participate before concussion 
symptoms take place considering symptomology possibly not occurring until after the symptom 
assessment is completed in concussions or being hesitant on reporting symptoms authentically 
(McCrea et al., 2004; Kutcher et al., 2010). This conflicts with the clinical definition of recovery 
from concussion due to a ceiling effect on the SAC assessment used in the SCAT5 (Echemendia 
et al., 2017). 
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Other variables not measured within this study can affect the recovery time or time to 
being asymptomatic including post injury sleep declines (Hoffman et al., 2017, Howell et al., 
2019), dehydration (Weber et al., 2013), gender (Bock et al., 2015; Miller et al., 2016; Zemek et 
al., 2016; Eisenberg et al., 2013), injury severity (Iverson et al., 2017), and pre-existing 
neurodevelopmental disorders and health complications such as ADHD, learning disabilities, 
substance abuse, history of headaches and migraines (Iverson et al., 2016; Iverson et al., 2017). 
Further research is warranted not only on the previously listed variables, but to study the extent 
of the relationship energy intake has on concussion recovery within the athletic population to 
guide nutrition treatment and intervention decisions post injury.  
 
CONCLUSION 
The current study shows that consuming adequate energy supports sports related 
concussion recovery in relation to symptom duration. The experimental group did not reveal a 
significant effect on symptom duration, but this small difference in the reduced number of days 
in symptoms can support nutrition intervention development and implementation in concussion 
injury protocol. While symptoms are a subjective measurement reflecting various phases in the 
metabolic cascade of events, it is important to consider the relationship and role energy intake 
has on the recovery of neurological and physiological trauma. Health and athletic performance 
practitioners make objective return to play decisions by observing symptoms. This allows the 
athlete to successfully navigate through return to play graduation protocols for full participation 
clearance. These considerations decrease the likelihood for athletes to hide or underreport 
symptoms to ensure full recovery prior to the athlete returning to sport. The qualified sports 
dietitian/nutritionist on staff involved in athlete’s concussion recovery and return to play 
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graduation protocols can support post-concussion recovery by assisting with the analysis, 
assessment, and promotion of dietary intake to optimize the overall health and welfare of the 
athlete. 
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BACKGROUND  
 A concussion or mild traumatic brain injury is induced by biomechanical forces that 
create complex pathophysiological processes affecting the brain. In the United States, 
approximately 1.6 to 3.8 million sports related concussive injuries occur annually, and account 
for five to nine percent of all sports related injuries (Broglio et al., 2014; Harmon et al., 2013; 
McCrory et al., 2017). The brain utilizes glucose to neurons in order to provide energy for proper 
neurological functions. Athletes have reported “loss of appetite” as a common symptom of 
concussive diagnoses in concussion lasting longer than 7 days (Casson et al., 2011) or during 
post concussive syndrome (Johnston et al., 2001; Rees & Bellon, 2007). This loss of appetite can 
decrease dietary intake below what is needed for adequate recovery.  
 Carbohydrate consumption provides athletes with sufficient calories and energy in order 
for the brain to have adequate fuel that can enhance performance. Regions within the brain have 
been reported to be activated when carbohydrates are present in the mouth (Chambers et al., 
2009; Gant, Stinear, & Byblow, 2010; Turner et al., 2014). In a review by Obel et al. (2012) 
glycogen storage in astrocytes are primarily utilized for neurological functions such as synaptic 
activity and memory function during hypoglycemia or ischemia. The axonal injury and synaptic 
plasticity followed by hypoglycemia and ischemia decreases the brains ability to manage 
sufficient glucose and energy production for neuronal functioning in concussions (Bergsneider et 
al., 2001; Cook et al., 2008; Echemendia, 2006; Gomez-Pinalla, 
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2008; Mergenthalar et al., 2013; McCrory et al., 2017; Shanley et al., 2001; Venyman et al., 
2006). 
 The Academy of Nutrition and Dietetics (Academy), Dietitians of Canada (DC), and the 
American College of Sports Medicine (ACSM), nutrition and athletic performance position 
paper recommends 1.2 to 2.0g/kg per day of protein to support metabolic adaptation, repair, 
remodeling, and for protein turnover range from for athletes (Thomas et al., 2016). Supplying 
greater amounts of protein between 1.6–2.4 g protein/kg/day will improve the preservation of 
lean body mass and muscle protein synthetic rates when energy intake is limited (Hector & 
Phillips, 2018), where ingestion of protein should be evenly distributed every 3 to 4 hours across 
the day with 20-40 grams per ingestion period (Kerksick et al., 2018). Pathogenic processes 
related to the secondary phase of recovery following concussions includes neuroinflammation, 
increased excitatory amino acids, free radical production and neuronal damage (Barrett et al., 
2014; Tipton et al., 2015). Meeting protein requirements can potentially be a factor in the support 
of the complications described. In the athletic population, further research is warranted on the 
implementation, timing, and observation of protein intake and its effect on concussion recovery. 
 Recommendations of dietary fat intake for athletes are similar to those of who are 
normally healthy and do not participate in elite and collegiate athletics. Dietary fat intake 
supports hormone regulation, absorption of fat-soluble vitamins, replenishment of intramuscular 
tracylglycerol stores, fuel substrate utilization, maintenance of energy balance and storage, 
consumption of adequate amounts of essential fatty acids, thermoregulation, and essential cell 
membrane structure. The essential fatty acids that are consistently researched for its relationship 
and support in concussion recovery are Omega 3 fatty acids. Omega 3 fatty acids consist of 
docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), and alpha-linolenic acid (ALA). 
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The human brain primarily consists of 97% DHA, with high concentrations within phospholipids 
of neuronal plasma membranes and synaptic vesicles (Bazan, 2005). A recent study from 
Anzalone et al., 2019 has revealed that 34% of collegiate athletes are in a “high risk” category of 
sport concussions due to low dietary intake of Omega 3 fatty acids assessed by erythrocyte levels 
of Omega-3. Omega 3 fatty acids can protect against plasticity of neurons, impaired learning, 
and provide resistance on oxidative stress created from a concussion (Ashbaugh & McGrew, 
2016; Gomez-Pinilla, 2008; Lucke-Wold et al., 2016; Maroon & Bost, 2011; Wilson & 
Madrigal, 2016). In concussions, dietary intakes high in polyunsaturated fatty acids can make the 
brain susceptible to lipid peroxidation in the presence of increased reactive oxygen species, and 
diets high in saturated fat can increase free radical formation that exacerbate neurological 
consequences of the injury (Oliver et al., 2018). The amount and type of dietary fat 
recommended for daily intake is based upon the individual’s health, body composition, training 
regimen, type of sport, and position relative to sport.  
 In animals, nutritional status in concussion management and recovery have found a 
significant relationship between dietary intake and return to baseline time in concussion 
assessment measurements (Yoshino et al., 1991; Sullivan et al., 2000;, Hua Li et al., 2004; Cook 
et al., 2008; McConeghy et al., 2012; Harmon et al., 2013; Weil et al., 2014; Oliver et al., 
2016a). In a review by Cook et al. (2008) nutritional considerations and recommendations for 
clinical patients with traumatic brain injuries include consuming 140% above resting metabolic 
expenditure in caloric intake within the first 5 days, at least 1.0-1.5 g/kg of protein for two weeks 
post injury, and Omega 3 fatty acid and creatine supplementation for the duration of concussion 
symptoms. The purpose of this study is to observe the extent of the relationship macronutrient 
intake has on return to baseline measurement times in concussions of collegiate athletes.  
52 
 
METHODS 
Participants 
 Participants included 40 division I collegiate athletes who were at least 18 years of age 
and at a southeastern university in the United States (mean age = 19.83 + 1.01) Participants were 
diagnosed with a concussion and randomly assigned in a control (n = 22) group or intervention 
group (n = 18). This study was approved by the University of Mississippi Institutional Review 
Board protocol number 19-005. 
 
Procedures 
 Pre-participation consent forms were given during preseason physical screenings or 
preseason team meetings. Athletes suspected of or diagnosed with concussion was referred to the 
Sports Dietitian/Nutritionist (RDN). The RDN or primary investigator met with the athlete daily 
to record daily dietary intake. The participants were met with daily to record dietary intake until 
return to baseline was achieved on the SCAT5 assessment.  
 
Measures 
 Concussion related symptoms were self-reported and selected on the Sport Concussion 
Assessment Tool (SCAT5) symptom evaluation form by the participating athletes during daily 
assessments with the team ATC (Echemendia et al., 2017). The SCAT5 is a concise and relevant 
sideline clinical concussion evaluation tool that includes a Graded Symptom Checklist (GSC); 
Standardized Assessment of Concussion (SAC); and the 6 surface conditions of the Modified 
Balance Error Scoring System (mBESS). The GSC assesses 22 symptoms commonly associated 
with concussion. A 7-point likert scale is used to rate each symptom as 0 for not present, 1 to 2 
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for mild, 3 to 4 for moderate, and 5 to 6 being severe. Including a symptom evaluation form such 
as the Sport Concussion Tool (SCAT5), improves the model’s discrimination ability when using 
regression models to combine multiple assessments validity and accuracy (Garcia et al., 2018). 
All measures were administered by study personnel (e.g. ATC, RDN, MD) who were fully 
trained and supervised by the investigators on standardized assessment methods. 
 The Sports Medicine Director (MD) and RDN determined the best mode for recording 
dietary intake. The primary investigator and RDN, recorded daily intake using 1 of 3 methods 
depending on the recommendations of the MD regarding permissibility using electronic devices: 
mobile phone image based dietary assessment by assigning a roommate/teammate/guardian to 
send a picture of each meal/snack consumed daily, along with times of dietary consumption 
during concussion protocol if the participant is not cleared to use mobile devices (Martin et al. 
2009); met with student athlete(s) in the On-Campus dining facility daily during main meal times 
(i.e. breakfast/lunch/dinner); or met with participants during daily injury and symptomology 
assessment with the team athletic trainer (ATC). Estimated macronutrient intake for all 
participants were analyzed using Nutrition Data System for Research (NDSR) by a trained 
investigator and RDN of the study. A trained research associate also analyzed the dietary intake 
using NDSR while under the supervision of the trained investigator. 
 
Statistical Analyses 
A multiple regression analysis was conducted on the number of days until asymptomatic 
based on daily macronutrient intake of carbohydrate, protein, and fat of collegiate athletes at a 
division I southeastern university. All statistics were run in SPSS version 26 (IBM, Chicago, IL). 
An a priori alpha level of 0.05 was used in analysis. Cohen (1992) suggest using f2 to determine 
54 
 
effect sizes and interpreted using the criteria of small (.02), moderate (.15), large (.35). These 
effect size values are converted to R2 to measure practical significance with the following 
interpretations small (.00-.02), moderate (.02-.13), large (.13-.26). Thus, the total number of 
participants used in analysis for the total number of days until asymptomatic was forty (n = 40).  
 
RESULTS 
 Descriptive statistics are reported in Table 1. Macronutrient intake was normally 
distributed. The model of assumptions test for the values of the standardized residuals to be 
normally distributed may be violated, but no extreme outliers were evident. Scatterplots were 
analyzed, and no curvilinear relationships between the criterion variable and the predictor 
variables or heteroscadascity were evident. There was a statistically significant relationship 
between carbohydrate, protein, fat and numbers of days until asymptomatic, F(3, 36) = 8.16, p < 
.001. A large effect size was noted with approximately 40% of the variance accounted for in the 
model, R2 = .41. Carbohydrate intake was a statistically significant predictor of number of days 
until asymptomatic (see Table 2) uniquely accounting for 27% of the variance, indicating a large 
effect size. Fat intake was not statistically significant predictor on the number of days until 
asymptomatic (see Table 2) uniquely accounting for 7% of the variance, indicating a moderate 
effect size. Protein was not significant and uniquely accounted for 0.2% of the variance. Thus, as 
single predictor’s, Protein has a small effect and Fat has a moderate effect but are less 
meaningful when included in a model with Carbohydrate. Given the sample size of n = 40, 
statistical significance would be detected for large effect sizes, R2 > .30. 
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Table 1  
Correlations between Macronutrient Intake and Number of Days Until Asymptomatic 
 Mean SD N Symptoms  
(# of days) 
Carbohydrate Protein Fat 
Symptoms (# of 
days) 
5.53 3.87 40 ---    
Carbohydrate (g) 475.79 161.72 40 -.58** ---   
Protein (g) 115.74 36.03 40 -.35 .65 ---  
Fat (g) 91.99 13.05 40 -.10 .55 .56 --- 
Note. Statistical significance on the number of days until asymptomatic; *p < .05, **p < .001 
 
 
Table 2  
Multiple Regression Results for Number of Days Until Asymptomatic 
Predictor B SE B b t p sr2 
Carbohydrate (g) -.02 .00 -.71 -4.03** .00 .27 
Protein (g) -.01 .02 -.07 -.41 .68 .00 
Fat (g) .10 .05 .33 2.04 .05 .07 
Note. Statistical significance on the number of days until asymptomatic; *p < .05, **p < .001 
 
DISCUSSION 
 The findings of this investigation included that the increased intake of carbohydrate and 
fat potentially effects the length of time collegiate athletes experience symptoms when diagnosed 
with a concussion. When carbohydrates reached the average intake of 475.79 + 161.72 grams per 
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day throughout the symptomatic period, there was a correlation on concussion recovery (number 
of days until asymptomatic) where symptoms decreased by 4 days (t= -4.03, p <.001).  
 Evidence is limited in athletic populations, where further research is warranted on 
carbohydrate consumption and the number of days until the participants were asymptomatic. 
Axonal injury and synaptic plasticity decreases the brains ability to manage sufficient glucose 
and energy production for neuronal functioning (Bergsneider et al., 2001; Cook et al., 2008; 
Echemendia, 2006; Gomez-Pinalla, 2008; Mergenthalar et al., 2013; McCrory et al., 2017; 
Shanley et al., 2001; Venyman et al., 2006). Although Fat was not statistically significant, there 
was a slight inverse relationship between dietary fat intake and the number of days until 
asymptomatic, where the number of days increased as dietary fat intake increased (Table 2). As 
previously discussed, the beneficial effects of Omega 3 fatty acids are presented in previous 
studies (Ashbaugh & McGrew, 2016; Gomez-Pinilla, 2008; Lucke-Wold et al., 2016; Maroon & 
Bost, 2011; Wilson & Madrigal, 2016), where this study only measured overall dietary fat intake 
and not the association between Omega 3 fatty acid consumption and concussion recovery.  
Although the current findings in the study observed a reduced time to being 
asymptomatic by meeting adequate carbohydrate intake, it is worth mentioning the extent high 
fat low carbohydrate diets have on supporting concussion recovery. High fat low carbohydrate 
diets are composed of 80 to 90 percent of dietary fat, adequate dietary protein, and < 50 grams of 
carbohydrates (Gasior et al., 2016). Various human models have shown beneficial results when 
focusing on the reduction of epileptic seizures in high fat low carbohydrate diets (Beniczky et al., 
2010; Kossoff and Rho, 2009; Nathan et al., 2009; Porta et al., 2009; Sharma et al., 2009; 
Villeneuve et al., 2009). Wolahan et al., 2017 observed the impact of intravenous glycemic 
control on endogenous ketogenesis in severe traumatic brain injuries of 15 patients ages 16 years 
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and older using a randomized within-patient crossover study. The results revealed that there was 
a 60% increase in ketones within the tight glycemic control group when compared to the loose 
glycemic control group (Wolahan et al., 2017).  Rodent models suggest low carbohydrate, high 
fat diets have a significant effect on rodents with TBI by reducing edema and cellular apoptosis 
(Prins, 2008; Appelberg et al., 2009; Hu et al., 2009). With respect to risk of participant burden 
on altering dietary intake, the diet may create food restrictions and dietary needs to fall below 
recommended amounts. Human clinical trials evaluating the role of ketogenic diets and its effect 
on loss of appetite following concussions are limited. Further research is warranted on the role of 
high dietary fat intake and its role of concussion recovery in the athlete population. 
In this investigation, protein intake had no effect on concussion symptom recovery (see 
Table 1). The essential amino acids leucine, isoleucine, and valine, also known as branched chain 
amino acids (BCAAs), have shown to have an effect on the production of neurotransmitters. 
Previous studies show the influence of BCAA’s and its influence on improved neurological 
function on patients with TBI (Aquilani et al., 2005; Aquilani et al., 2008; Ott et al., 1988) and 
children with epilepsy when paired with a ketogenic diet (Evangeliou et al., 2009). Further 
research is warranted on the effects of protein intake and branched chain amino acids effect on 
symptomology recovery in concussions. 
There is still not a gold standard to fully observing clinical recovery from concussions. In 
Broglio et al. (2018), the study evaluated 4,874 participants collected from the Concussion 
Assessment, Research, and Education Consortium, evaluating baseline assessments on separate 
occasions. The assessment tools evaluated contained less than optimal reliability for commonly 
used assessment tools including the SCAT and ImPACT used within this study. Athlete reported 
symptoms during these assessments may not reveal consistent or accurate clinical recovery 
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definitions used for those diagnosed with concussions if baseline assessments are not redone 
annually (Broglio et al., 2018; Vagnozzi et al., 2013). Neurometabolic processes may also be 
hindered due to other nutrients affected such as N-Acetylaspartate, creatine, and choline from 
concussions (Vagnozzi et al., 2013). Further research is warranted on the extent macronutrient 
distribution and intake have on concussion recovery to guide the decision making for nutrition 
treatment and intervention.  
 
CONCLUSION 
The current study shows that as carbohydrate consumption increased, the length of time 
collegiate athletes experience symptoms decreased post-concussion. Although protein and fat did 
not prove to have a significant impact on time until being asymptomatic, it is important to 
consider the value protein has on lean muscle preservation and protein turnover, and the value fat 
has on cell membrane structure and as an alternative fuel source during hypocaloric or low 
carbohydrate intakes. While symptomology is a subjective measurement, carbohydrates, protein, 
and fat have various roles on the overall health of the student athlete and has further beneficial 
effects that warrants further investigation in concussion. Having an expert sports 
dietitian/nutritionist available on staff is essential in order to assess and analyze pertinent 
information regarding adequate dietary intake in athletes, can assist with monitoring the 
subjective symptoms experienced that may affect dietary intake (i.e. loss of appetite, nausea, 
vomiting, fatigue) and reflect dehydration (i.e. headache). The coordination of care between the 
MD, ATC, and RDN will optimize the overall health and welfare of the athlete, while fully 
supporting the recovery of the athlete post-concussion. 
 
59 
 
 
 
 
 
 
 
 
LIST OF REFERENCES 
60 
 
Abeare, C.A., Messa, I., Zuccato, B.G., Merker, B. (2018) Prevalence of invalid performance on 
baseline testing for sport-related concussion by age and validity indicator. Journal of the 
American Medical Association Neurology, 75(6), 697-703. 
https://doi.org/10.1001/jamaneurol.2018.0031  
Ahima, R.S., Antwi, D.A. (2008) Brain regulation of appetite and satiety. Endocrinology and 
Metabolism Clinics of North America, 37(4), 811-823. 
https://doi.org/10.1016/j.ecl.2008.08.005  
Appelberg, K.S., D.A. Hovda, and M.L. Prins. (2009) The effects of a ketogenic diet on 
behavioral outcome after controlled cortical impact injury in the juvenile and adult rat. 
Journal of Neurotrauma, 26(4), 497–506. https://doi.org/10.1089/neu.2008.0664  
Angoa-Pe ́rez M., Kane M.J., Briggs D.I., Herrara-Mundo, N., Viano, D.C., Kuhn, D.M. (2014) 
Animal models of sports–related head injury: bridging the gap between pre-clinical 
research and clinical reality. Journal of Neurochemistry, 129(6), 916–931. 
https://doi.org/10.1111/jnc.12690  
Ashbaugh, A., McGrew, C. (2016). The role of nutritional supplements in sports concussion 
treatment. Head, Neck, and Spine, 15(1), 16-19. 
https://doi.org/10.1249/JSR.0000000000000219  
Asken, B.M., Bauer, R.M., Guskiewicz, K.M., McCrea, M.A., Schmidt, J.D., Giza, C.C., Snyder, 
Aquilani, R., Iadarola, P., Contardi, A., Boselli, M., Verri, M., Pastoris, O., Boschi, F., 
Arcidiaco, P., Viglio, S (2018) Immdiate removal from activity after sport related 
concussion is associated with shorter clinical recovery and less severe symptoms in 
61 
 
collegiate-student athletes. American Journal of Sports Medicine, 46(6), 1465-1474. 
https://doi.org/10.1177/0363546518757984  
Aquilani, R., M. Boselli, F. Boschi, S. Viglio, P. Iadarola, M. Dossena, O. Pastoris, and M. 
Verri. (2008) Branched-chain amino acids may improve recovery from a vegetative or 
minimally conscious state in patients with traumatic brain injury: A pilot study. Archives 
of Physical Medicine and Rehabilitation 89(9):1642–1647. 
https://doi.org/10.1016/j.apmr.2008.02.023  
Bailes, J.E., Patel, V. (2014) The potential for DHA to mitigate mild traumatic brain injury. 
179(11), 112-116. https://doi.org/10.7205/MILMED-D-14-00139  
Bailey, C., Samples, H., Broshek, D., Freeman, J., Barth, J. (2010) The relationship between 
psychological distress and baseline sports-related concussion testing. Clinical Journal of 
Sports Medicine, 20(4), 272-277. https://doi.org/10.1097/JSM.0b013e3181e8f8d8   
Barrett, E.C., McBurney, M.I., Ciappio, E.D. (2014) Omega 3 fatty acid supplementation as a 
potential therapeutic aid for the recovery from mild traumatic brain injury/concussion. 
Advances in Nutrition, 5(3), 268-277. https://doi.org/10.3945/an.113.005280  
Barkhoudarian, G., Hovda, D.A., Giza, C.C. (2011). The molecular pathophysiology of 
concussive brain injury. Clinics in Sports Medicine, 30(1), 33-48. 
https://doi.org/10.1016/j.csm.2010.09.001 
Bazan, N.G. (2005) Neuroprotectin D1 (NPD1): a DHA-derived mediator that protects brain and 
retina against cell injury-induced oxidative stress. Brain Pathology, 15(2), 159–166. 
https://doi.org/10.1111/j.1750-3639.2005.tb00513.x  
Beniczky, S., Jose-Miranda, M., Alving, J., Heber-Povlsen, J. and Wolf, P. (2010) Effectiveness 
of the ketogenic diet in a broad range of seizure types and EEG features for severe 
62 
 
childhood epilepsies. Acta Neurologica Scandinavica, 121(1), 58–62. 
https://doi.org/10.1111/j.1600-0404.2009.01303.x  
Bergsneider, M., Hovda, D.A., Etchespare, M., Huang, S.C., Sebati, N., Satz, P., Phelps, M.E., 
Becker, D.P. (2001) Metabolic recovery following human traumatic brain injury based on 
fdg-pet: time course and relationship to neurological disability. Journal of Head Trauma 
and Rehabilitation, 16(2), 135-148.  
Bock S., Grim R., Barron T.F., Wagenheim, A., Hu, Y.E., Hendell, M., Deitch, J., Deibert, E. 
(2015) Factors associated with delayed recovery in Athletes with concussion treated at a 
pediatric neurology concussion clinic. Child’s Nervous System, 31(11), 2111-2116. 
https://doi.org/10.1007/s00381-015-2846-8  
Broglio, S.P., Cantu, R.C., Gioia, G.A., Guskiewicz, K.M., Kutcher, J., Palm, M., Valvovich 
McLeod, T.C. (2014) National athletic trainers’ association position statement: 
management of sport concussion. Journal of Athletic Training, 49(2), 245-265. 
https://doi.org/10.4085/1062-6050-49.1.07  
Casson, I.R., Viano, D.C., Powell, J.W., Pellman, E.J. (2011) Concussions Involving 7 or More 
Days Out in the National Football League. Sports Health, 3(2), 130-144. 
https://doi.org/10.1177/1941738110397876 
Cerra, F. B., M. R. Benitez, G. L. Blackburn, R. S. Irwin, K. Jeejeebhoy, D. P. Katz, S. K. 
Pingleton, J. Pomposelli, J. L. Rombeau, E. Shronts, R. R. Wolfe, and G. P. Zaloga. 
(1997). Applied nutrition in ICU patients. A consensus statement of the American 
College of Chest Physicians. Chest 111(3), 769–778. 
https://doi.org/10.1378/chest.111.3.769  
63 
 
Chambers, E.S., Bridge, M.W., Jones, D.A. (2009) Carbohydrate sensing in the human mouth: 
effects on exercise performance and brain activity. Journal of Physiology, 587(8), 1779-
1794. https://doi.org/10.1113/jphysiol.2008.164285  
Cohen, J. (1973). Eta-squared and partial eta-squared in fixed factor ANOVA designs. 
Educational and Psychological Measurment, 33, 107-112. 
https://doi.org/10.1177/001316447303300111  
Cohen, J. (1988) Statistical Power analysis for behavioral sciences. Erlbaum. 
Cohen, J. (1992) A power primer. Quantitative Methods in Psychology, 112(1), 155-159. 
https://doi.org/10.1037/0033-2909.112.1.155  
Cook, A.M., Peppard, A., Magnuson, B. (2008). Nutritional considerations in traumatic brain 
injury. Nutrition in Clinical Practice, 23(6), 608-620. 
https://doi.org/10.1177/0884533608326060  
Collins M.W., Kontos A.P., Okonkwo D.O., Almiquist, J., Bailes, J., Barisa, M., Bazariam, J., 
Bloom, O.J., Brody, D.L., Cantu, R., Cardenas, J., Clugston, J., Cohen, R., Echemendia, 
R., Elbin, R.J., Ellenbogen, R., Fonesca, J., Giola, G., Guskiewicz, K…, Zafonte, R. 
(2016) Statements of agreement from the Targeted Evaluation and Active Management 
(TEAM) approaches to treating concussion meeting held in Pittsburgh, October 15-16, 
2015. Neurosurgery, 79(6), 912-929. https://doi.org/10.1227/NEU.0000000000001447  
Cornejo, M.P., Hentges, S.T., Maliqueo, M., Coirini, H., Becu-Villalobos, D., Elias, C.F. (2016) 
Neuroendicrine regulation of metabolism, Journal of Neuroendocrinology, 28(7). 
https://doi.org/10.1111/jne.12395  
Covassin T., Swanik C.B., Sachs M., Kendrick, Z., Schatz, P., Zillmer, E., Kaminaris, C.  (2006) 
Sex differences in baseline neuropsychological function and concussion symptoms of 
64 
 
collegiate athletes. British Journal of Sports Medicine, 40(11), 923-927. 
http://dx.doi.org/10.1136/bjsm.2006.029496  
Dolan, E., Gualano, B., Rawson, E.S. (2018) Beyond muscle: the effects of creatine 
supplementation on brain creatine, cognitive processing, and traumatic brain injury. 
European Journal of Sport Science, https://doi.org/10.1080/17461391.2018.1500644  
Druce M.R., Neary, N.M., Small, C.J., Milton, J., Monterio, M., Patterson, M., Ghatei, M.A., 
Bloom, S.R. (2006) Subcutaneous administration of ghrelin stimulates energy intake in 
healthy lean human volunteers. International Journal of Obesit), 30(2), 293–296. 
https://doi.org/10.1038/sj.ijo.0803158  
Echemendia, R.J. (2006). Sports Neuropsychology: Assessment and management of traumatic 
brain injury. The Guilford Press.  
Echemendia, R.J., Iverson, G.I., McCrea, M., Macciocchi, S.N., Gioia, G.A., Putukian, M., 
Comper, P. (2013) Advances in neuropsychological assessment of sport-related 
concussion. British Journal of Sports Medicine, 47, 294-298. 
http://dx.doi.org/10.1136/bjsports-2013-092186  
Echemendia, R.J., Meeuwisse, W., McCrory, P., Davis, G.A., Putukian, M., Leddy, J., Makdissi, 
M., Sullivan, S.J., Broglio, S.P., Raftery, M., Schneider, K., Kissick, J., McCrea, M., 
Dvorák, J., Sills, A.K., Aubry, M., Engebretsen, L., Loosemore, M., Fuller, G…Herring, 
S. (2017) The sport concussion assessment tool 5th edition (SCAT5): background and 
rationale. British Journal of Sports Medicine, 51(11), 848-850. 
http://dx.doi.org/10.1136/bjsports-2017-097506  
Eisenberg, M.A., Andrea, J., Meehan, A., Mannix, R. (2013) Time interval between concussions 
and symptom duration. 132(1), 8-17. https://doi.org/10.1542/peds.2013-0432  
65 
 
Elbin, R., Sufrinko, A., Schatz, P., French, J., Henry, L., Burkhart, S., Collins, M.W., Kontos, 
A.P. (2016) Removal from play after concussion and recovery time. Pediatrics, 138(3), 
e20160910. https://doi.org/10.1542/peds.2016-0910  
Evangeliou, A., Spilioti, M., Doulioglou, V., Kalaidopoulou, P., Ilias, A., Skarpalezou, A., 
Katsanika, I., Kalamitsou, S., Vasilaki, K., Chatziioanidis, I., Garganis, K., Pavlou, E., 
Varlamis, S., and Nikolaidis. N. (2009) Branched chain amino acids as adjunctive 
therapy to ketogenic diet in epilepsy: Pilot study and hypothesis. Journal of Child 
Neurology 24(10):1268–1272. https://doi.org/10.1177/0883073809336295  
Frakes, M., Valliant, M.W., Crowther, M., Michel, J., Callaway, K., Morgan, B., Franks, C., 
Beyke, A. (2019) Collegiate athletes that consumed adequate energy post-concussion 
reported fewer days of concussion-related symptoms. Medicine & Science in Sports & 
Exercise, 51(6), 864-865. https://doi.org/10.1249/01.mss.0000563084.07866.78     
Gant, N., Stinear, C.M., Byblow, W.D. (2010) Carbohydrate in the mouth immediately facilitates 
motor output. Brain Research, 1350, 151-158. 
https://doi.org/10.1016/j.brainres.2010.04.004  
Garcia, G.P., Broglio, S.P., Lavieri, M.S., McCrea, M., McAllister, T. (2018) Quantifying the 
Value of Multidimensional Assessment Models for Acute Concussion: An Analysis of 
Data from the NCAA-DoD Care Consortium. Sports Medicine, 48: 1739-1749. 
https://doi.org/10.1007/s40279-018-0880-x  
Gasior, M., M. A. Rogawski, and A. L. Hartman. (2006) Neuroprotective and disease-modifying 
effects of the ketogenic diet. Behavioural Pharmacology 17(5–6):431–439. 
Giza, C.C. & Hovda, D.A., (2014). The new neurometabolic cascade of concussion. 
Neurosurgery, 75(4), S24-S33. https://doi.org/10.1227/NEU.0000000000000505  
66 
 
Gomez-Pinilla, F. (2008). Brain foods: the effect of nutrients on brain function. Nature Reviews 
Neuroscience, 9(7), 568-578. https://doi.org/10.1038/nrn2421  
Guyenet, S.J. (2017) The hungry brain. Flatiron Books. 
Harmon K.G., Drezner J.A., Gammons M., Guskiewicz, K.G., Halstead, M., Herring, S.A., 
Kutcher, J.S., Pana, A., Putukian, M., Roberts W.O. (2013). American medical society 
for sports medicine position statement: concussion in sport. British Journal of Sports 
Medicine, 47, 15-26. http://dx.doi.org/10.1136/bjsports-2012-091941corr1  
Hartl, R., Gerber, L.M., Ni, Q., Ghajar, J. (2008). Effect of early nutrition on deaths due to 
severe traumatic brain injury. Journal of Neurosurgery, 109, 50-56. 
https://doi.org/10.3171/JNS/2008/109/7/0050  
Hector, A.J. & Phillips, S.M. (2018) Protein recommendations for weight loss in elite athletes: a 
focus on body composition and performance. International Journal of Sport Nutrition 
and Exercise Metabolism, 28, 170-177. https://doi.org/10.1123/ijsnem.2017-0273  
Hetherington, A.W., & Ranson, S.W. (1940) Hypothalamic lesions and adiposity in the rat. The 
Anatomical Record, 78(2), 149-172. https://doi.org/10.1002/ar.1090780203  
Heyer G.L., Schaffer C.E., Rose S.C., Young J.A., McNally K.A., Fischer A.N. (2016) Specific 
factors influence postconcussion symptom duration among youth referred to a sports 
concussion clinic. Journal of Pediatrics., 174, 33-38. 
https://doi.org/10.1016/j.jpeds.2016.03.014  
Hoffman, N.L., Weber, M.L., Broglio, S.P., McCrea, M., McAllister, T.W., Schmidt, J.D., 
CARE Consortium Investigators (2017) Influence of postconcussion sleep duration on 
concussion recovery in collegiate athletes. Clinical Journal of Sports Medicine, 1, 1-7. 
http://dx.doi.org/10.1097/JSM.0000000000000538   
67 
 
Homayoun P., Rodriguez de Turco, E.B., Parkins N.E. (1997) Delayed phospholipid degradation 
in rat brain after traumatic brain injury. Journal of Neurochemistry, 69(1), 199 – 205. 
https://doi.org/10.1046/j.1471-4159.1997.69010199.x  
Houck, Z., Asken, B.M., Bauer, R.M., Caccese, J.B., Buckley, T.A., McCrea, M.A. McAllister, 
T.W., Broglio, S.P., Clugston, J.R., Care, Consortium Investigators (2019) Academic 
aptitude mediates the relationship between socioeconomic status and race in predicting 
ImPACT scores in college athletes. The Clinical Neuropsychologist, 
https://doi.org/10.1080/13854046.2019.1666923 
Hovda, D.A., Lee, S.M., Von Stuck, S., Bergsneider, M., Kelly, D., Shalmon, E., Martin, N., 
Caron, M., Mazziotta, J., Phelps, M., Becker, D.P. (2009) The neurochemical and 
metabolic cascade following brain injury: moving from animal models to man. Journal of 
Neurotrauma, 12(5), 903-906. https://doi.org/10.1089/neu.1995.12.903  
Howell, D.R., Oldham, J.R., Brilliant, A.N., Meehan III, W.P. (2019) Trouble falling asleep after 
concussion is associated with higher symptom burden among children and adolescents. 
Journal of Child Neurology, 34(5), 256-261. https://doi.org/10.1177/0883073818824000  
Hu, Z.-G., H.-D. Wang, L. Qiao, W. Yan, Q.-F. Tan, and H.-X. Yin. (2009) The protective effect 
of the ketogenic diet on traumatic brain injury-induced cell death in juvenile rats. Brain 
Injury, 23(5):459–465. https://doi.org/10.1080/02699050902788469  
Hua Li, H., Lee, S.M., Cai, Y., Sutton, R.L. Hovda, D.A. (2004) Differential gene expression in 
hippocampus following experimental brain trauma reveals distinct features of moderate 
and severe injuries. Journal of Neurotrauma. 21(9), 1141-1153. 
https://doi.org/10.1089/neu.2004.21.1141  
68 
 
Iverson, G.L., Gardner, A.J., Terry, D.P., Ponsford, J.L., Sills, A.K., Broshek, D.K., Solomon, 
G.S. (2017) Predictors of clinical recovery from concussion: a systematic review, British 
Journal of Sports Medicine, 51, 941-948. http://dx.doi.org/10.1136/bjsports-2017-097729  
Iverson, G.L., Wojtowicz, M., Brooks, B.L., Maxwell, B.A., Atkins, J.E., Zafonte, R., Berkner, 
P.D. (2016) High school athletes with ADHD and learning difficulties have a greater 
lifetime of concussion history. Journal of Attention Disorders. 
https://doi.org/10.1177/1087054716657410  
Johnston, K.M., McCrory, P., Mohtadi, N.G., Meeuwisse, W. (2001) Evidence-Based review of 
sport-related concussion: clinical science. Clinical Journal of Sport Medicine, 11(3), 150-
159.  
Jones, N.S., Walter, K.D., Caplinger, R., Wright, D., Raasch, W.G., and Young, C. (2014) Effect 
of Education and Language on Baseline Concussion Screening Tests in Professional 
Baseball Players. Clinical Journal of Sports Medicine 24(4), 284-288. 
https://doi.org/10.1097/JSM.0000000000000031   
Kossoff, E.H., and Rho, J.M. (2009) Ketogenic diets: Evidence for short- and long-term efficacy. 
Neurotherapeutics 6(2):406–414. https://doi.org/10.1016/j.nurt.2009.01.005  
Kerksick, C.M., Wilborn, C.D., Roberts, M.d., Smith-Ryan, A., Kleiner, S.M., Jäger, R., Collins, 
R., Cooke, M., Davis, J.N., Galvan, E., Greenwood, M., Lowery, L.M., Wildman, R., 
Antonio, J., Kreider, R.B. (2018) ISSN exercise & sports nutrition review update: 
research & recommendations. Journal of the International Society of Sports Nutrition, 
15(38), 1-57. https://doi.org/10.1186/s12970-018-0242-y  
Kutcher, J.S., Giza, C.C., and Alessi, A.G. (2010) Sports concussion. Continuum, 16, 41–54. 
https://doi.org/10.1212/01.CON.0000391452.30299.67   
69 
 
Levine, T.R., & Hullett, C.R. (2002) Eta squared, partial eta squared, and misreporting effect 
size in communication research. Human Communication Research. 28(4), 612-625. 
https://doi.org/10.1111/j.1468-2958.2002.tb00828.x  
Lewén, A., Matz, P., Chan, P.H. (2009) Free radical pathways in CNS Injury. Journal of 
Neurotrauma, 17(10), https://doi.org/10.1089/neu.2000.17.871  
Lewis, M.D. (2016) Concussions, traumatic brain injury, and the innovative use of omega-3s. 
Journal of the American College of Nutrition, 35(5), 469-475. 
https://doi.org/10.1080/07315724.2016.1150796   
Liu, Y., Wang, R., Zhao, W., Zhang, C., Chen, X., Ma, L. (2017) Short-term caloric restriction 
exerts neuroprotective effects following milk traumatic brain injury by promoting 
autophagy and inhibiting astrocyte activation. Behavioural Brain Research, 331, 135-
142. https://doi.org/10.1016/j.bbr.2017.04.024  
Lowenstein, DH., Thomas, M.J., Smith, D.H., McIntosh, T.K. (1992) Selective Vulnerability of 
Dentate Hilar Neurons following Traumatic Brain Injury: A Potential Mechanistic Link 
between Head Trauma and Disorders of the Hippocampus. The Journal of Neuroscience, 
12(12), 4846-4853. https://doi.org/10.1523/JNEUROSCI.12-12-04846.1992   
Lucke-Wold, B.P., Logsdon, A.F., Nguyen, L., Eltanahay, A., Turner, R.C., Bonasso, P., Knotts, 
C., Moeck A., Maroon, J.C., Bailes, J.E., Rosen, C.L. (2016) Supplements, nutrition, and 
alternative therapies for the treatment of traumatic brain injury. Nutritional Neuroscience, 
1-13. https://doi.org/10.1080/1028415X.2016.1236174    
Mannix, R., Meehan, W.P., Mandeville, J., Grant, P.E., Gray, T., Berglass, J., Zhang, J., Bryant, 
J., Rezaie, S., Chung, J.Y., Peters, N.V., Lee, C., Tien, L.W., Kaplan, D.L., Feany, M., 
70 
 
Whalen, M. (2013) Clinical correlates in an experimental model of repetitive mild brain 
injury. Ann Neurol, 74(1), 65–75. https://doi.org/10.1002/ana.23858  
Marklund N, Salci K, Lewen A, Hillered L. (1997) Glycerol as a marker for post-traumatic 
membrane phospholipid degradation in rat brain. Neuro Report, 8(6), 1457–61. 
https://doi.org/10.1097/00001756-199704140-00026   
Maroon, J.C., Bost, J. (2011). Concussion management at the NFL, college, high school, and 
youth sports level. Clinical Neurosurgery, 58, 51-56. 
https://doi.org/10.1227/NEU.0b013e3182269efe  
Martin, C.K., Han, H., Coulon, S.M., Allen, H.R., Champagne, C.M., Anton, S.D. (2009) A 
novel method to remotely measure food intake of free-living people in real-time: The 
Remote Food Photography Method (RFPM). British Journal of Nutrition. 101(3), 446-
456. https://doi.org/10.1017/S0007114508027438  
Martin, C.K., Correa, J.B., Han, Hongmei, H., Allen, R., Rood, J.C., Champagne, C.M., 
Gunturk, B.K., Bray, G.A. (2012) Validity of the remote food photography method 
(RFPM) for estimating energy and nutrient intake in near real-time. Obesity, 20, 891-899. 
https://doi.org/10.1038/oby.2011.344   
McClave, S.A., Martindale, R.G., Vanek, V.W., McCarthy, M., Roberts, P., Taylor, B., Ochoa, 
J.B., Napolitano, L., and Cresci, G. (2009) Guidelines for the provision and assessment of 
nutrition support therapy in the adult critically ill patient: Society of Critical Care 
Medicine (SCCM) and American Society for Parenteral and Enteral Nutrition (ASPEN). 
Journal of Parenteral and Enteral Nutrition, 33(3):277–316. 
https://doi.org/10.1177/0148607109335234  
71 
 
McConeghy, K.W., Hatton, J., Hughes, L., Cook, A.M. (2012) A review of neuroprotection 
pharmacology and therapies in patients with acute brain injury. CNS Drugs, 26(7). 
https://doi.org/10.2165/11634020-000000000-00000.  
McCrea, M., Hammeke, T., Olsen, G., Leo, P., and Guskiewicz, K. (2004). Unreported 
concussion in high school football players: implications for prevention. Clinical Journal 
of Sports Medicine, 14, 13–17. 
McCrea, M., Guskiewicz, K., Randolph, C., Barr, W.B., Hammeke, T.A., Marshall, S.W., 
Powell, M.R., Ahn, K.W., Wang, Y., Kelly, J.P. (2012) Incidence, clinical course, and 
predictors of prolonged recovery time following sport-related concussion in high school 
and college athletes. Journal of the International Neuropsychological Society, 18, 1-12. 
https://doi.org/10.1017/S1355617712000872   
McCrea, M. & Guskiewicz, K. (2014). Evidence based management of sport related concussion. 
Progress in Neurological Surgery, 28. https://doi.org/10.1159/000358769.  
McCrory, P., Meeuwisse, W.H., Dvorak, J., Aubry, M., Bailes, J., Broglio, S., Cantu, R.C., 
Cassidy, D., Echemendia, R.J., Castellani, R.J., Davis, G.A., Ellenbogen, R., Emery, C., 
Engebretsen, L., Feddermann-Demont, N., Giza, C.C., Guskiewicz, K.M., Herring, S., 
Iverson, G.L…Vos, P.E. (2017) Consensus statement on concussion in sport: the 5th 
international conference on concussion in sport held in Berlin, October 2016. British 
Journal of Sports Medicine, 51, 838-847. https://doi.org/10.1136/bjsports-2017-097699   
Mergenthalar, P., Lindauer, U., Dienel, G.A., Meisel, A. (2013). Sugar for the brain: the role of 
glucose in physiological and pathological brain function. Trends in Neurosciences, 
36(10), 587-597. https://doi.org/10.1016/j.tins.2013.07.001    
72 
 
Miller, J.H., Gill, C., Kuhn, E.N., Rocque, B.G., Menendez, J.Y., O’Neill, J.A., Agee, B.S., 
Brown, S.T., Crowther, M., Davis, D., Ferguson, D., Johnston, J.M. (2016) Predictors of 
delayed recovery following pediatric sports-related concussion: a case-control study. 
Journal of Neurosurgery, 17, 491-496. https://doi.org/10.3171/2015.8.PEDS14332  
Mychasiuk, R., Hehar, H., Ma, I., Esser, M.J. (2015) Dietary intake alters behavioral recovery 
and gene expression profiles in the brain of juvenile rats that experienced a concussion. 
Frontiers in Behavioral Neuroscience, 9(17), 1-17. 
https://doi.org/10.3389/fnbeh.2015.00017  
Namjoshi, D.R., Good, C., Cheng, W.H., Panenka, W., Richards, D., Cripton, P.A. and 
Wellington, C.L. (2013). Towards clinical management of traumatic brain injury: a 
review of models and mechanisms from a biomechanical perspective. Disease Models & 
Mechanisms, 6(6), 1325-1338. https://doi.org/10.1242/dmm.011320   
Nathan, J. K., A. S. Purandare, Z. B. Parekh, and H. V. Manohar. (2009) Ketogenic diet in Indian 
children with uncontrolled epilepsy. Indian Pediatrics, 46(8), 669–673. 
Nelson K.M., Weinsier, R.L., Long, C.L., and Schutz, Y. (1992) Prediction of resting energy 
expenditure from fat-free mass and fat mass. American Journal of Clinical Nutrition, 
56(5), 848-856. https://doi.org/10.1093/ajcn/56.5.848   
NCAA Sports Science Institute. (2018, November 16). NCAA-DOD Care Consortium. Retrieved 
November 7, 2019, from https://www.ncaa.org/sport-science-institute/topics/ncaa-dod-
care-consortium. 
Obel, L.F., Müller, M.S., Walls, A.B., Sickmann, H.M., Bak, L.K., Waagepetersen, H.S., 
Schousboe, A. (2012) Brain glycogen-new perspectives on its metabolic function and 
73 
 
regulation at the subcellular level. Frontiers in Neurogenetics, 4(3), 1-15. 
https://doi.org/10.3389/fnene.2012.00003   
Oliver, J.M., Jones, M.T., Kirk, K.M., Gable, D.A., Repshas, J.T., Johnson, T.A., Andreasson, 
U., Norgren, N., Blennow, K., Zitterberg, H. (2016a) Effect of Docosahexaenoic Acid on 
a biomarker of head trauma in American football. Medicine & Exercise in Sports & 
Exercise, 48(6) 974-982. https://doi.org/10.1249/MSS.0000000000000875 
Oliver, J.M., Jones, M.T., Kirk, K.M., Gable, D.A., Repshas, J.T., Johnson, T.A., Andreasson, 
U., Norgren, N., Blennow, K., Zitterberg, H. (2016b) Serum neurofilament light in 
American football athletes over the course of a season. Journal of Neurotrauma, 33, 
1784-1789. https://doi.org/10.1089/neu.2015.4295  
Oliver, J.M., Anzalone, A.J., Turner, S.M. (2018) Protection before impact: the potential 
neuroprotective role of nutritional supplementation in sports-related head trauma. Sports 
Medicine, 48, S39-S52. https://doi.org/10.1007/s40279-017-0847-3  
Omalu, B.I., Bailes, J.E., Hammers, J.L., Fitzsimmons, R.P. (2010) Chronic traumatic 
encephalopathy, suicides and parasuicides in professional American athletes. American 
Journal of Forensic Medicine and Pathology, 31(2), 130–132. 
https://doi.org/10.1097/PAF.0b013e3181ca7f35   
Ott, L.G., Schmidt, J.J., Young, A.B., Twyman, D.L., Rapp, R.P., Tibbs, P.A., Dempsey, R.J., 
and McClain, C.J. (1988) Comparison of administration of two standard intravenous 
amino acid formulas to severely brain-injured patients. Drug Intelligence and Clinical 
Pharmacy, 22(10):763–768. https://doi.org/10.1177/106002808802201004  
74 
 
Pabian, P.S., Greeno, E.D., Vander Heiden, M., Hanney, W.J., (2013) Sport Concussion: 
Implications for the strength and conditioning professional. Strength and Conditioning 
Journal, 35(4), 72-80. https://doi.org/10.1519/SSC.0b013e318297786b  
Patterson Z.R. & Holahan, M.R. (2012) Understanding the neuroinflammatory response 
following concussion to develop treatment strategies. frontiers in Cellular Neuroscience, 
6, 58. https://doi.org/10.3389/fncel.2012.00058  
Porta, N., L. Vallee, E. Boutry, M. Fontaine, A.-F. Dessein, S. Joriot, J.-M. Cuisset, J.-C. 
Cuvellier, and S. Auvin. (2009) Comparison of seizure reduction and serum fatty acid 
levels after receiving the ketogenic and modified Atkins diet. Seizure, 18(5):359–364. 
https://doi.org/10.1016/j.seizure.2009.01.004  
Prins, M.L. (2008) Cerebral metabolic adaptation and ketone metabolism after brain injury. 
Journal of Cerebral Blood Flow and Metabolism, 28(1):1–16. 
https://doi.org/10.1038/sj.jcbfm.9600543  
Prins, M., Greco, T., Alexander, D., Giza, C. (2013) The pathophysiology of traumatic brain 
injury at a glance. Disease Models & Mechanisms 6, 1307-131. 
https://doi.org/10.1242/dmm.011585  
Ptomey L.T., Willis E.A., Goetz J.R., Lee J., Sullivan D.K., Donnelly J.E. (2015) Digital 
photography improves estimates of dietary intake in adolescents with intellectual and 
developmental disabilities. Disability and Health Journal, 8(1), 146-150. Doi: 
https://doi.org/10.1016/j/dhjop.2014.08.011   
Rees, R.J. & Bellon, M.L. (2007) Post concussion syndrome ebb and flow: Longitudinal effects 
and management. Neuro Rehabilitation, 22(3), 229-242. https://doi.org/10.3233/NRE-
2007-22309  
75 
 
Register-Mihalik, J.K., Guskiewicz, K.M., McLeod, T.C., Linnan, L.A., Mueller, F.O., Marshall, 
S.W. (2013) Knowledge, attitude, and concussion-reporting behaviors among high school 
athletes: a preliminary study. Journal of Athletic Training., 48(5), 645–653. 
https://doi.org/10.4085/1062-6050-48.3.20   
Rollo, M.E., Ash, S., Lyons-Wall, P., Russell, A.W. (2015) Evaluation of a mobile phone image-
based dietary assessment method in adults with type 2 diabetes. Nutrients, 7(6), 4897-
4910. https://doi.org/10.3390/nu7064897    
Rich, N.J., VanLandingham, J.W., Figueiroa, S., Seth, R., Corniola, R.S., Levenson, C.W. 
(2010) Chronic caloric restriction reduces tissue damage and improves spatial memory in 
a rat model of traumatic brain injury. Journal of Neuroscience Research, 88(13), 2933-
2939. https://doi.org/10.1002/jnr.22443   
Sakellaris, G., Kotsiou, M., Tamiolaki, M., Kalostos, G., Tsapaki, E., Spanaki, M., Spilioti, M., 
Charissis, G., Evangeliou, A. (2006) Prevention of complications related to traumatic 
brain injury in children and adolescents with creatine administration: An open label 
randomized pilot study. The Journal of Trauma: Injury, Infection, and Critical Care, 
61(2), 322–329. https://doi.org/10.1097/01.ta.0000230269.46108.d5   
Sakellaris, G., Nasis, G., Kotsiou, M., Tamiolaki, M., Charissis, G., & Evangeliou, A. (2008) 
Prevention of traumatic headache, dizziness and fatigue with creatine administration. A 
pilot study. Acta Paediatrica, 97(1), 31–34. https://doi.org/10.1111/j.1651-
2227.2007.00529.x   
Salem, N. Jr., Litman, B., Kim, H.Y., Gawrisch, K. (2001) Mechanisms of action of 
docosahexaenoic acid in the nervous system. Lipids, 36(9), 945-959. 
https://doi.org/10.1007/s11745-001-0805-6   
76 
 
Schmidt, J.D., Rizzone, K., Hoffman, N.L., Weber, M.L., Jones, C., Bazarian, J., Broglio, S.P., 
McCrea, M., McAllister, T.W. (2018) Age at first concussion influences the number of 
subsequent concussions. Pediatric Neurology, 81, 19-24. 
https://doi.org/10.1016/j.pediatrneurol.2017.12.017  
Shanley, L.J., Irving, A.J., Harvey, J. (2001) Leptin enhances NMDA receptor function and 
modulates hippocampal synaptic plasticity. Journal of Neurosciene, 21(24), RC186. 
https://doi.org/10.1523/JNEUROSCI.21-24-j0001.2001   
Sharma, S., Gulati, S., Kalra, V., Agarwala, A., and Kabra, M. (2009) Seizure control and 
biochemical profile on the ketogenic diet in young children with refractory epilepsy—
Indian experience. Seizure, 18(6):446–449. https://doi.org/10.1016/j.seizure.2009.04.001  
Shojo, H., Kaneko, Y., Mabuchi, T., Kibayashi, K., Adachi, N., Borlongon, N. (2010) Genetic 
and histologic evidence implicates role of inflammation in traumatic brain injury-induced 
apoptosis in the rat cerebral cortex following moderate fluid percussion injury. 
Neuroscience, 171(4), 1273-1282. https://doi.org/10.1016/j.neuroscience.2010.10.018  
Sullivan, P.G., Geiger, J.D., Mattson, M.P., & Scheff, S.W. (2000). Dietary supplement creatine 
protects against traumatic brain injury. Annals of Neurology, 48(5), 723–729. 
https://doi.org/10.1002/1531-8249(200011)48:5<723::AID-ANA5>3.0.CO;2-W  
Takahashi, H., Manaka, S., Sano, K. (1981) Changes in extracellular potassium concentration in 
cortex and brain stem during the acute phase of experimental closed head injury. Journal 
of Neurosurgery, 55(5), 708– 717. https://doi.org/10.3171/jns.1981.55.5.0708  
Thomas, D.T., Erdman, K.A., Burke, L.M. (2016) Position of the Academy of Nutrition and 
Dietetics, Dietitians of Canada, and the American College of Sports Medicine: Nutrition 
77 
 
and Athletic Performance, Journal of the Academy of Nutrition and Dietetics, 116(3), 
501-528. https://doi.org/10.1016/j.jand.2015.12.006  
Thomas, S., Prins, M.L., Samii, M., Hovda, D.A., (2000) Cerebral metabolic response to 
traumatic brain injury sustained early in development: a 2-deoxy-D-glucose 
autoradiographic study. Journal of Neurotrauma, 17(8). 649-665. 
https://doi.org/10.1089/089771500415409   
Tipton, K.D. (2015) Nutritional support for exercise-induced injuries. Sports Medicine, 45, 93-
104. https://doi.org/10.1007/s40279-015-0398-4  
Torres, D.M., Galetta, K.M., Phillips, H.W., Dziemianowicz, E.M., Wilson, J.A., Dorman, E.S., 
Laudano, E., Galetta, S.L., Balcer, L.J. Sports-related concussion: anonymous survey of a 
collegiate cohort. Neurology Clinical Practice, 3(4), 279–287. 
https://doi.org/10.1212/CPJ.0b013e3182a1ba22  
Turner, C.E., Byblow, W.D., Stinear, C.M., Gant, N. (2014) Carbohydrate in the mouth enhances 
activation of brain circuitry involved in motor performance and sensory perception. 
Appetite, 80, 212-219. http://dx.doi.org/10.1016/j.appet.2014.05.020  
Vagnozzi, R., Signoretti, S., Floris, R., Marziali, S., MAnara, M., Amorini, A.M., Belli, A., Di 
Pietro, V., D’Urso, S., Pastore, F.S., Lazzarino, G., Tavazzi, B. (2013) Decrease in N-
Acetylaspartate Following Concussion May Be Coupled to Decrease in Creatine, Journal 
of Head Trauma Rehabilitation, 28(4), 284-292. 
https://doi.org/10.1097/HTR.0b013e3182795045  
Vaynman, S., Ying, Z., Wu, A., Gomez-Pinilla, F. (2006) Coupling energy metabolism with a 
mechanism to support brain-derived neurotrophic factor-mediated synaptic plasticity. 
Neuroscience, 139(4), 1221–1234. https://doi.org/10.1016/j.neuroscience.2006.01.062   
78 
 
Villeneuve, N., Pinton, F., Bahi-Buisson, N., Dulac, O., Chiron, C., and Nabbout. R. (2009) The 
ketogenic diet improves recently worsened focal epilepsy. Developmental Medicine and 
Child Neurology, 51(4), 276–281. https://doi.org/10.1111/j.1469-8749.2008.03216.x  
Weber, A.F., Mihalik, J.P., Register-Mihalik, J.K., Mays, S., Prentice, W.E., Guskiewicz, K.M. 
(2013) Dehydration and performance on clinical concussion measures in collegiate 
wrestlers. Journal of Athletic Training, 48(2), 153-160. https://doi.org/10.4085/1062-
6050-48.1.07   
Weil, Z.M., Gaier, K.R., Karelina, K. (2014) Injury timing alters metabolic, inflammatory and 
functional outcomes following repeated mild traumatic brain injury, Neurobiology of 
Disease, 70, 108-116. https://doi.org/10.1016/j.nbd.2014.06.016.  
Willer, B.S., Haider, M.N., Bezherano, I., Wilber, C.G., Mannix, R., Kozlowski, K., Leddy, J.J. 
(2019) Comparison of rest to aerobic exercise and placebo-like treatment of acute sport-
related concussion in male and female adolescents. Archives of Physical Medicine and 
Rehabilitation, 100(12), 2267-2275. https://doi.org/10.1016/j.apmr.2019.07.003  
Wilson, P., Madrigal, L.A. (2016) Association between whole blood and dietary Omega-3 
polyunsaturated fatty acid levels in collegiate athletes. International Journal of Sport 
Nutrition and Exercise Metabolism, 26(6), 497-505. https://doi.org/10.1123/ijsnem.2015-
0316   
Wu, A., Ying, Z., Gomez-Pinilla, F. (2004) The interplay between oxidative stress and brain-
derived neurotrophic factor modulates the outcome of a saturated fat diet on synaptic 
plasticity and cognition. European Journal of Neuroscience, 19(7), 1699–1707. 
https://doi.org/10.1111/j.1460-9568.2004.03246.x    
79 
 
Yoshino, A., Hovda, D.A., Kawamata, T., Katayama, Y., Becker, D.P. (1991) Dynamic changes 
in local cerebral glucose utilization following cerebral concussion in rats: evidence of a 
hyper- and subsequent hypometabolic state. Brain Research, 561(1), 106–119. 
https://doi.org/10.1016/0006-8993(91)90755-k  
Zemek, R., Barrowman, N., Freedman, S.B., Gravel, J., Gagnon, I., McGahern, C., Aglipay, M., 
Sangha, G., Boutis, K., Beer, D., Craig, W., Burns, E., Farion, K.J., Mikrogianakis, A., 
Barlow, K., Dubrovsky, A.S., Meeuwisse, W., Gioia, G., Meehan III, W.P.,Beauchamp, 
M.H., et al. (2016) Clinical risk score for persistent postconcussion symptoms among 
children with acute concussion in the ED. Journal of the American Medical Association, 
315(10), 1014-1025. https://doi.org/10.1001/jama.2016.1203 
 
 
 
 
 
 
 
 
 
 
 
 
 
80 
 
 
 
 
 
 
 
 
 
 
LIST OF APPENDICES 
 
 
 
 
 
 
 
 
 
81 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX A  
INFORMED CONSENT 
 
 
 
 
 
 
 
 
 
 
 
82 
 
 
 
Consent to Participate in Research 
 
Study Title: Dietary intake and return to baseline in sports related concussions 
 
Investigator      Faculty Sponsor 
Matthew R. Frakes, MFN, RD, CSCS  Melinda Valliant, PhD, RD, CSSD 
School of Applied Sciences    School of Applied Sciences  
P.O. Box 1848     P.O. Box 1848 
University of Mississippi     University of Mississippi 
University, MS 38677    University, MS 38677 
(614) 216-8211     (662) 832-5352 
mrfrakes@go.olemiss.edu     valliant@olemiss.edu                                     
 
 
      By checking this box I certify that I am 18 years of age or older. 
 
The purpose of this study 
The goal of this study is to observe if overall dietary intake including the addition of a 
carbohydrate rich dietary supplement contributes to recovery from sports related concussions. 
 
 
What you will do for this study 
You will be evaluated for a sports related concussion by the team athletic trainer and medical 
director at the point of suspicion of a concussion. During this time of evaluation, the nutrition 
intervention will be provided (if applicable). The sports dietitian will meet with you daily until 
full recovery, where your daily calorie intake will be assessed.   
1. One of every two athletes with concussion or suspicion of concussion will be assigned to 
the intervention group. The others will be assigned to the control group. 
2. Depending on the group that you are assigned to, you may consume a carbohydrate  
based supplement at the time of concussion or suspicion of concussion. This supplement 
will be consumed until full recovery/full participation has been cleared by the Medical 
Director. Directions on supplement consumption will be given by the Sports Dietitian 
during concussion evaluation and assessment. 
3. For both groups, the primary investigator and team sports dietitian, will record daily 
dietary intake using 1 of 3 methods dependent on recommendations of Medical Director 
regarding need for decrease in stimuli: 
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a. Assigning a roommate/teammate to send a picture of each meal/snack consumed 
daily, along with times of dietary consumption during concussion protocol. 
b. Meeting in the On-Campus dining facility daily (Grill 1810, Rebel Market, etc.), 
during main meal times (i.e. breakfast/lunch/dinner); All meals and snacks 
consumed outside of the dining facility will be recorded. 
c. Bring your prepared meals and assess total dietary intake after each boxed lunch 
is consumed. 
 
Time required for this study 
Daily evaluation of recovery of concussion and dietary intake assessment will take ~1.5 hours 
daily. Administration of the carbohydrate supplement (if applicable) will assist with total dietary 
intake and the energy demands needed for full recovery from injury. Total time for the study is 
dependent on the athletes return to baseline recovery time and when the injury is gone. Time for 
full recovery from a concussion varies drastically and is completely individualized. Clearance to 
full participation following concussion diagnosis has been found to be anywhere between 7 to 14 
days. 
 
 
Possible risk from your participation 
We anticipate there to be no risk to you in this study. 
 
Benefits from your participation 
All student athletes with concussion will receive an in-depth nutrition assessment which is 
occasionally done as part of the protocol but will now be consistent.  The addition of the 
carbohydrate rich supplement may result in accelerated recovery and return to play post-
concussion, and decreased chances of developing second impact syndrome or post-concussion 
syndrome.   
 
Confidentiality 
All information in the study will be collected confidentially. At the end of the study, all 
identifiable information will be removed so that it will not be possible to associate your name 
with your responses.  
Right to Withdraw 
You do not have to volunteer for this study, and there is no penalty if you refuse.  If you start the 
study and decide that you do not want to finish, just tell the sports dietitian, medical director, 
and/or team athletic trainer.  Whether or not you participate or withdraw will not affect your 
current or future relationship with the Department of Nutrition & Hospitality Management, or 
with the University, and it will not cause you to lose any benefits to which you are entitled.   
Protected Health Information 
Protected health information is any personal health information which identifies you in some 
way.  The data collected in this study includes: (name, date, phone number, medical record 
number).  A decision to participate in this research means that you agree to the use of your health 
information for the study described in this form.  This information will not be released beyond 
the purposes of conducting this study.  The information collected for this study will be kept until 
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May 2019. While this study is ongoing you may not have access to the research information, but 
you may request it after the research is completed. 
IRB Approval 
This study has been reviewed by The University of Mississippi’s Institutional Review Board 
(IRB).  The IRB has determined that this study fulfills the human research subject protections 
obligations required by state and federal law and University policies.  If you have any questions, 
concerns, or reports regarding your rights as a participant of research, please contact the IRB at 
(662) 915-7482. 
Please ask the researcher if there is anything that is not clear or if you need more information.  
When all your questions have been answered, you can decide if you want to be in the study or 
not. 
Statement of Consent 
I have read the above information.  I have been given a copy of this form.  I have had an 
opportunity to ask questions, and I have received answers.  I consent to participate in the study. 
Furthermore, I also affirm that the experimenter explained the study to me and told me about the 
study’s risks as well as my right to refuse to participate and to withdraw. 
 
 
Signature of Participant 
 
 
Date 
 
Printed name of Participant 
NOTE TO PARTICIPANTS:  DO NOT SIGN THIS FORM 
IF THE IRB APPROVAL STAMP ON THE FIRST PAGE HAS EXPIRED 
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Sport Concussion Assessment Tool (SCAT5)  
Symptom Evaluation Form 
 
Name: _______________________ Date of Injury: __________ Sport:  ________ 
Date of Assessment: _____________       Examiner: _____________________ 
 
*Please note that athlete should score their self on the following symptoms based on how he/she 
feels now.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
Do the symptoms get worse with physical activity?      Y       N 
Do the symptoms get worse with mental activity?          Y       N     
 
If 100% is feeling perfectly normal, what percent of normal do you feel?  _______ 
 
If not 100%, why? 
_____________________________________________________________________________
_____________________________________________________________________________
______________________________________________________________ 
 
SYMPTOM NONE
Headache 0 1 2 3 4 5 6
"Pressure in head" 0 1 2 3 4 5 6
Neck Pain 0 1 2 3 4 5 6
Nausea or Vomiting 0 1 2 3 4 5 6
Dizziness 0 1 2 3 4 5 6
Blurred vision 0 1 2 3 4 5 6
Balance problems 0 1 2 3 4 5 6
Sensitivity to light 0 1 2 3 4 5 6
Sensitivity to noise 0 1 2 3 4 5 6
Feeling slowed down 0 1 2 3 4 5 6
Feeling like "in a fog" 0 1 2 3 4 5 6
"Don't feel right" 0 1 2 3 4 5 6
Difficulty Concentrating 0 1 2 3 4 5 6
Difficulty Remembering 0 1 2 3 4 5 6
Fatigue or low energy 0 1 2 3 4 5 6
Confusion 0 1 2 3 4 5 6
Drowsiness 0 1 2 3 4 5 6
More emotional 0 1 2 3 4 5 6
Irritability 0 1 2 3 4 5 6
Sadness 0 1 2 3 4 5 6
Nervous or Anxious 0 1 2 3 4 5 6
Trouble falling asleep                 
(if applicable) 0 1 2 3 4 5 6
Total Number of Symptoms (Maximum possible 22) _____/22
Symptom Severity Score _____/132
(Add all scores in table, maximum possible: 22 x 6 = 132)
MILD MODERATE SEVERE
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RECRUITMENT SCRIPT 
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Recruitment to Participate Script 
We are doing a study to find out if dietary intake can improve concussion recovery time. Your participation 
in the study will give you a thorough nutritional assessment throughout your recovery protocol, and may result in 
accelerated recovery time and return to play post-concussion, although we cannot guarantee this. Your participation 
can help us learn more about concussion treatment. 
If you want to participate, you need to sign a consent to participate form. Your sports dietitian will meet 
with you daily until you are fully recovered. Any known food allergy will exclude you from participation in this 
study.  
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Name:  Matthew R. Frakes, PhD, RD, CSCS 
 
Current Position:  Sports Nutritionist, University of Louisville 
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a. Prospective Degrees 
University of Mississippi, Oxford, Mississippi 
Doctor of Philosophy, 2020; Field of Study: Nutrition and Hospitality Management 
Major: Sports Nutrition 
 
b. Degrees Completed 
Bowling Green State University, Bowling Green, Ohio 
Certificate (Registered Dietitian-Eligible Status), 2015; Field of Study: Dietetics (Distance 
Dietetic Internship Program) 
 
Bowling Green State University, Bowling Green, Ohio 
Master of Food and Nutrition, 2014; Field of Study: Nutrition and Food Science 
Area of Concentration: Food and Nutrition Sciences 
 
Bowling Green State University, Bowling Green, Ohio 
Bachelor of Science in Dietetics, 2011; Field of Study: Dietetics 
Major: Dietetics  
 
Professional Credentials and Experience 
 
a.  Licenses/Credentials/Certifications 
Licenses/Credentials 
Certified Strength and Conditioning Specialist (CSCS), National Strength and Conditioning 
Association 2017-Present.   
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Licensed Dietitian/Nutritionist (LDN), Louisiana Board of Examiners for Dietetics and 
Nutrition, State of Louisiana, Lafayette, Louisiana (#3031), 2019-Present. 
Licensed Dietitian (LD), Ohio Board of Dietetics, State of Ohio, Columbus, Ohio (LD7955), 
2016-2018. 
Registered Dietitian (RD)/Registered Dietitian-Nutritionist (RDN), Commission on Dietetic 
Registration, Chicago, Illinois (86011404) 2016-Present.   
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ISAK-Level 1, International Society for the Advancement of Kinanthropometry, 2018 
Basic Life Support Healthcare Professional (CPR) Certified, American Heart Association 2016-
Present. 
 
b.  Professional Positions 
Sports Nutritionist, University of Louisville, Louisville, KY; (2020-Present) 
Associate Director of Athletic Performance for Sports Nutrition, University of Louisiana, 
Lafayette, LA; (2019-2020). 
Graduate Instructor, The University of Mississippi, University, MS, School of Applied Sciences; 
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Assistant Sports Dietitian, The University of Mississippi, University, MS,  
      Center of Health and Sports Performance; (2017-2019) 
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 instructor) 
b.  Courses Developed 
V.E.T. Eating Nutrition Module - Vital Education Through Eating (12-15 students, ages 9-
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2018 Summer Research Assistantship, Graduate School, University of Mississippi April 2018.  
2017 Graduate Assistantship, Center for Health and Sports Performance, University of 
Mississippi, February 2017 
2016 Most Valuable Trainer, Dublin Club, Life Time Fitness, December 2016 
2014 Graduate Student Research Support Award, Family and Consumer Sciences, Bowling 
Green State University, February 2014 
2013 Graduate Assistant Teaching Assistantship, Department of Family and Consumer Sciences, 
Bowling Green State University, May 2013 
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